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PURPOSE 


This  contract  provided  for  the  development  of  an  amplifier, 
capable  of  long  range  communications,  having  a  nominal  cw  output 
of  300-kw  average  power  and  a  minimum  of  300-kw  peak  power  for 
single-side-band  communications  systems.  The  frequency  range  of 
this  equipment  was  specified  to  be  4  to  30  me  without  a  gap  and 
to  have  a  1%  overlap  at  tiie  ends  of  the  range.  Radio  Transmitting 
Set  AN/FRT-22  was  to  be  modified  for  use  as  a  driver  for  this  300-kw 
transmitter.  The  AN/FRT-22  was  to  be  excited  by  the  Radio  Trans¬ 
mitting  Set  T-409/FRC-30  to  complete  the  amplifier  grouping.  An  un- 
tuned-loop  balun  capable  of  operating  at  300-kw  average  power, 

600-kw  peak  power  over  a  frequency  range  of  4  to  30  me  had  to  be 
developed  to  provide  a  balanced  output.  The  work  to  be  accomplished 
was  originally  divided  into  three  groups.  Group  One  deals  with  the 
modification  of  Radio  Transmitting  Set  AN/FRT-22;  Group  Two  involves 
the  design  of  the  300-kw  amplifier  section;  and  Group  Three  concerns 
the  design  and  construction  of  the  40-kw  amplifier  of  the  radio 
transmitting  set  AN/FRT-22,  as  authorized  in  Article  I,  Item  2, 

Note  7,  of  Contract  No.  DA-36-039  SC-64441.  Each  group  is  broken 
down  into  one  or  more  parts. 

Group  One  -  Modification  of  Radio  Transmitting  Set  AN/FRT-22. 

Part  (a)  of  Group  One  deals  with  the  alteration  of  the  frequency 
range  of  the  Radio  Transmitting  Set  AN/frt-22  to  extend  its  coverage 
from  the  original  4  to  26.5  me  to  the  new  4  to  30  me  frequency  range 
without  a  gap  and  to  have  a  1%  overlap  at  the  upper  end  of  the  range. 

Part  (b)  of  Group  One  calls  for  the  rearrangement  of  the  pro¬ 
tective  functions  of  the  40-kw  section  of  the  driver  amplifier  con¬ 
trols  to  allow  coordination  with  the  equivalent  functions  of  the 


300-kw  pov/er  amplifier  and  at  the  same  time  preserve  the  original 
functions  so  that  the  40-kw  section  can  be  used  in  the  normal  way 
after  dissociation  of  the  300-kw  power  amplifier. 

Part  (c)  of  Group  One  involves  the  interlocking  of  the  automatic 
re-start  circuits  of  the  40-kw  amplifier  with  those  of  the  300-kw 
equipment  so  that  the  proper  sequence  of  operation  will  follow 
through  automatically  without  damage  to  either  equipment. 

Group  Two  -  The  300-Kw  HF  Amplifier  Group. 

Part  (a)  of  Group  Two  involves  the  design  and  construction  of 
an  output  network  capable  of  operating  at  the  300-kw  power  level 
and  arranged  so  that  it  can  be  attached  to  a  two-wire  balanced-to- 
ground  transmission  line  having  a  nominal  impedance  of  600-ohms  and 
a  vswr  not  in  excess  of  2  to  1.  (The  Signal  Corps  Research  Projects 
provided  information  that  later  changed  the  transmission  line  im¬ 
pedance  from  600-ohms,  as  stated  above,  first  to  300-ohms  and  then 
to  440-ohms.) 

Part  (b)  of  Group  Two  covers  the  design  and  construction  of  an 
amplifier  having  a  nominal  output  power  of  300-kw  and  arranged 
for  connection  to  the  output  network  covered  by  Part  (a)  of  this 
group.  This  amplifier  was  to  be  fed  by  a  40-kw  source  which  may 
be  either  Radio  Transmitting  Set  AN/FRT-22  or  any  other  amplifier 
of  similar  design  having  an  output  power  of  40-kw.  All  controls 
and  protective  devices  of  the  300-kw  amplifier  must  be  properly 
engineered  and  integrated  to  any  other  driving  equipment  before  a 
satisfactory  arrangement  can  be  evolved. 

Part  (c)  of  Group  Two  involves  the  design  and  construction  of 
the  required  power  supply  and  control  equipment  for  the  300-kw 


amplifier  and  the  necessary  arrangement  for  connecting  to  the  exist¬ 
ing  control  circuits  of  Radio  Transmitting  Set  Ah/FRT-22.  This 
power  supply  was  to  have  a  nominal  output  voltage  of  18-kv  at  35 
amperes  dc. 

Part  (d)  of  Group  Two  concerns  the  water  cooling  system  which  was 
not  required  in  the  original  specifications  but  which  is  required 
as  a  result  of  the  choice  of  power  amplifier  tubes.  The  original 
concept  was  to  provide,  or  consider  for  provision,  a  water  cooled 
driving  stage,  since  a  water-to-air  heat  exchanger  was  required  for 
the  power  amplifier  stage.  This  was  not  the  case  since  an  air 
cooled  tube  was  chosen  for  the  4‘0-kw  alternate  amplifier  stage  of 
the  equipment. 

Group  Three  -  The  40-Kw  Alcernate  Amplifier. 

Part  (a)  of  Group  Three  concerns  the  design  and  construction  of 
a  40-kw  alternate  amplifier.  This  amplifier  was  to  be  capable  of 
operation  over  the  same  frequency  band  as  the  300-kw  amplifier  and 
was  to  be  designed  to  do  so  when  driven  from  a  suitable  source. 

Part  (b)  of  Group  Three  involves  the  design  of  a  suitable  power 
and  control  arrangement  to  be  a  power  source  of  8-kv  for  the  40-kw 
alternate  amplifier.  This  suggested  0-kv  nominal  power  supply  was 
changed  to  9-kv  at  a  later  date. 
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ABSTRACT 


This  report  covers  the  technical  aspects  of  the  development  of 
Radio  Transmitting  Set  AI'3/FRT-33  (XC~1)  on  a  task  by  task  or  phase 
by  phase  basis.  This  equipment  is  an  amplifier  capable  of  long 
range  communications,  rated  at  a  nominal  cw  output  of  300-kw  aver¬ 
age  power  and  a  minimum  of  300-kw  peak  power  for  single-sideband 
communications  systems.  The  problems  encountered  during  the  de¬ 
velopment  of  the  equipment  are  stated,  and  the  solutions  to  those 
problems  are  described  in  detail.  The  Radio  Transmitting  Set 
AN/FRT-22,  excited  by  Radio  Transmitting  Set  T-409/FRC-30,  was  modi¬ 
fied  to  extend  the  operating  frequency  range  to  4  to  30  me,  without 
a  gap,  and  to  have  a  1%  overlap  at  the  ends  of  the  range.  It  was 
used  as  a  driver  for  the  300-kw  amplifier.  Tlie  protective  functions 
of  the  40-kw  section  of  the  driver  controls  were  rearranged  and  co¬ 
ordinated  with  the  equivalent  functions  of  the  300-kw  equipment. 

The  automatic  re-start  circuits  of  the  40-kw  araplifier  were  inter¬ 
locked  witli  those  of  the  300-kw  amplifier  to  assure  correct  sequen¬ 
tial  operation  of  all  functions  of  the  equipment.  The  original  con¬ 
ception  of  tlie  design  of  the  300-kw  output  network  progressed  through 
several  stages  of  development  during  which  problems  of  the  design 
wore  examined,  evaluated  and  eliminated  to  produce  the  final  con¬ 
figuration  of  a  25  to  50-ohm  "L"  matching  single-ended  network  which 
required  a  50  to  220-ohm  balun  device  capable  of  operation  at  a  2 
to  1  vswr.  Design  problems  due  to  circuit  complexities  ascribed  to 
tuned  baluns  caused  a  dual  study  of  untuned  baluns  to  be  initiated. 

A  parallel  wound  transmission  line  balun  and  a  loop  balun  were  con¬ 
sidered.  An  untuned  loop  balun  capable  of  operating  at  300-kw  aver¬ 
age  power  and  600-kw  peak  power  over  a  frequency  range  of  4  to  30  me 
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was  designed,  fabricated  and  power  tested  for  use  with  the  asso¬ 
ciated  output  network.  An  amplifier  with  a  nominal  output  of 
300-kw  was  designed  and  constructed.  This  300-kw  amplifier  could 
be  driven  by  Radio  Transmitting  Set  AN/FRT-22,  or  by  any  other 
similar  amplifier  providing  an  output  power  of  40-kw.  All  control 
and  protective  devices  of  the  300-kw  equipment  were  engineered  to 
be  integrated  with  the  driving  equipment.  The  physical  rearrange¬ 
ment  of  the  output  network  was  changed  to  shorten  the  transmission 
line  between  the  power  amplifier  and  the  output  network,  thereby 
minimizing  the  difficulties  encountered  with  respect  to  harmonic 
output.  The  design  and  construction  of  an  18-kv,  35-ampere  dc 
power  supply  for  the  300-kw  amplifier  included  the  necessary 
arrangements  for  connecting  to  the  existing  control  circuits  of 
the  Radio  Transmitting  Set  AN/FRT-22.  The  300-kw  power  amplifier 
was  water  cooled.  Water  cooling  of  the  driver  stage  was  originally 
intended,  but  an  air  cooled  tube  was  selected  for  use  in  the  40-kw 
alternate  amplifier.  A  40-kw  alternate  amplifier  was  designed  and 
constructed  which  was  capable  of  operating  over  the  same  frequency 
band  as  the  300-kw  amplifier.  An  0-kv  power  supply  was  designed 
to  provide  the  power  for  the  40-kw  amplifier.  The  Signal  Corps 
proposed  using  existing  8-kv  pov;er  supply  to  provide  the  required 
potentials  for  the  40-kw  alternate  amplifier.  This  was  not  feasible 
because  a  power  supply  capable  of  producing  9-kv  was  required  to 
power  the  40-kw  alternate  amplifier.  The  suggested  8-kv  nominal 
power  supply  was  later  redesigned  and  changed  to  9-kv. 
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A  600  Kilowatt  High  Frequency  Amplifier 


James  O.  Weldon 
Continental  Electronics  Mfg,  Co. 
Dallas,  Texas 


I 


A  description  is  given  of  the  electrical 
circuits  and  mechanical  construction  of  a  pow¬ 
er  amplifier  designed  primarily  for  use  in 
single  sideband  suppressed  carrier  operation 
having  a  peak  envelope  power  output  of  600,  000 
watts.  The  amplifier  is  also  designed  to  handle 
an  off-on  keyed  CW  signal  or  frequency  shift 
keyed  signal  at  a  continuous  power  output  of 
300,  000  watts.  Some  of  its  features  are  con¬ 
tinuous  range  motor  tuning  of  all  circuit  ele¬ 
ments  over  the  frequency  range  from  4  to  30 
megacycles,  a  unique  method  of  opening  the 
amplifier  by  motor  elevation  of  the  plate  sec¬ 
tion  and  a  sliding  drawer  grid  section  for  tube 
removal  and  a  fault  amplifier  type  of  protective 
system  using  a  hydrogen  thyratron  to  short- 
circuit  the  high  voltage  rectifier  in  case  of  in¬ 
ternal  arcing  in  the  power  amplifier  tube. 


The  power  amplifier  uses  a  single  tube. 
The  gain  in  linear  operation  with  resistance 
loading  on  the  grid  circuit  is  approximately 
40. 


This  amplifier  was  originally  developed 
under  a  Signal  Corps  development  contract. 


network  unit  not  shown  in  this  photograph  is 
located  on  the  right-hand  side  of  the  power 
amplifier  unit. 

Figure  2  shows  a  front  view  of  the  power 
distribution  unit  which  contains  the  plate  cir¬ 
cuit  control  breakers,  the  master  circuit 
breaker,  and  protective  breakers  for  feeding 
the  auxiliary  circuits  of  the  transmitter. 

Figure  3  shows  the  filter  capacitor  rack 
which  together  with  the  filter  choke  comprises 
the  18  kilovolt  rectifier  filter  system.  The 
filter  capacitors  are  in  the  lower  shelf  of  the 
rack  and  included  with  them  is  a  motor  oper¬ 
ated  grounding  switch  and  various  surge  re¬ 
sistors  used  to  limit  charging  current  to  the 
filter  capacitor  bank  and  to  limit  fault  cur¬ 
rent  in  case  of  an  arc-over  in  the  power  am¬ 
plifier. 

Since  the  auxiliary  units  are  more  or  less 
conventional,  this  description  will  be  restricted 
to  the  amplifier  itself. 

Power  Amplifier 


The  Amplifier  to  be  described  was  de¬ 
veloped  to  operate  in  a  frequency  range  from 
4  to  30  megacycles  as  a  linear  amplifier  for 
use  in  single  sideband  suppressed  carrier 
service  with  a  peak  envelope  power  output  of 
600  kilowatts  and  an  average  power  output  of 
300  kilowatts.  The  work  was  authorized  un¬ 
der  a  U.  S.  Signal  Corps  developmental  con¬ 
tract  administered  by  Coles  Laboratory  at 
Ft,  Monmouth,  New  Jersey. 

The  equipment  includes  an  18  kilovolt, 

40  ampere  rectifier,  a  filter  system  for  this 
rectifier,  a  power  distribution  switchboard, 
a  control  unit  for  the  amplifier,  a  water  cool¬ 
ing  system,  the  amplifier  unit  itself,  and  an¬ 
other  cubicle  containing  an  output  matching 
network. 


This  photograph  (Figure  1)  shows  a  front 
view  of  the  cubicles  which  assemble  to  form 
a  portion  of  the  front  panel  of  the  equipment. 
From  left  to  right,  the  units  are  rectifier  tube 
assembly  No.  1,  rectifier  tube  assembly  No. 

2,  the  transmitter  control  unit,  and  a  portion 
of  the  power  amplifier.  The  output  matching 


The  power  amplifier  is  housed  in  a  single 
cubicle  54  inches  wide  by  72  inches  deep  and 
78  inches  high,  (Figure  4) 

As  in  the  other  units,  a  meter  panel  is  pro¬ 
vided  at  the  top  and  controls  are  located  on  the 
two  side  panels  at  either  side  of  the  access 
door. 

The  power  amplifier  uses  a  single  RCA 
Type  2332C,  ceramic  sealed,  beam  triode. 
(Figure  5).  This  tube  has  a  plate  dissipation 
rating  of  500  kilowatts  and  is  operated  in  this 
amplifier  with  a  plate  loss  of  approximately 
300  kilowatts.  The  DC  plate  potential  applied 
for  full  power  operation  is  18,000  volts,  and  a 
fixed  bias  for  linear  operation  of  300  to  325 
volts  is  used.  This  tube  uses  a  thoriated 
tungsten  filament  and  the  filament  and  grid 
wires  are  assembled  on  a  specially  designed 
beam-forming  cylinder  which  effectively 
shields  the  grid  from  the  anode.  The  electron 
optical  principles  applied  result  in  a  very  low 
grid  current  and  high  power  gain. 

Water  cooling  is  required  at  four  points 
on  this  tube.  Approximately  80  gallons  per 


.'X 


mini'te  is  circulated  through  the  anode  water 
jacket.  Water  is  also  cir'-ulated  through 
internal  ducts  in  the  beam-forming  cylinder. 

In  addition,  a  water  cooling  ring  is  bolted  to 
the  grid  ring  of  the  tube  and  also  to  the  upper 
cathode  radio  frequency  connection. 

The  filament  heating  current  is  1000 
amperes  at  7.  3  volts. 

As  a  result  of  the  grid  shielding  provided 
by  the  beam-forming  cylinder,  the  grid-to- 
plate  capacity  of  this  tube  is  only  13  micro¬ 
microfarads.  The  anode-to-cathode  capacity 
is  160  micromicrofarads.  Because  of  the 
close  spacing  by  which  the  grid  wires  are  held 
on  the  beam-forming  cylinder,  the  capacity 
from  grid  to  cathode  is  1400  micromicrofarads. 
At  30  megacycles  this  gives  an  input  reactance 
of  less  than  4  ohms.  When  operating  at  600 
kilowatts  peak  envelope  output  power,  the 
average  grid  drive  voltage  is  approximately 
950  volts  RMS.  This  voltage  applied  across 
the  low  reactance  input  results  in  a  reactive 
current  flow  to  the  grid  of  about  250  amperes. 

This  low  reactance  input  establishes  a 
limitation  on  the  structure  of  the  input  circuit 


since  at  30  megacycles,  an  inductance  of  two 
one  hundredths  of  a  microhenry  will  resonate 
the  input  capacity. 

In  the  plate  circuit  the  plate-to-cathode 
capacity  plus  stray  capacities  inherent  in  the 
circuitry  limit  the  external  inductance  for 
resonance  at  30  megacycles  to  approximately 
1/10  of  one  microhenry. 

For  30  megacycle  operation  a  coaxial 
cavity  or  some  adaptation  of  such  a  cavity 
would  provide  a  simple  and  quite  suitable 
arrangement  for  both  the  input  and  output 
circuit  of  the  amplifier  (Figure  6).  How¬ 
ever,  in  this  application,  the  specification 
requires  that  these  circuits  be  continuously 
tuned  by  motors  from  30  down  to  4  mega¬ 
cycles  with  no  stepping  switches  to  alter  the 
circuitry  or  switch  in  lumped  components. 

A  design  was  therefore  required  which  pro¬ 
vides  lumped  component  circuits  for  both 
the  input  and  output  of  the  tube  with  such  cir¬ 
cuitry  placed  sufficiently  close  to  the  Lube  and 
so  designed  that  lead  inductances  will  not  pre¬ 
vent  operation  at  30  megacycles.  When  this 
is  done,  a  major  mechanical  problem  develops 


Fig.  i 


Fig.  2 

in  connection  with  changing  the  tube,  which  is  ment.  These  operations  arc  mechanically 

especially  complicated  by  the  fact  that  water  linked  to  interlock  switches  which  permit 

connections  must  be  brought  to  the  lower  and  elevating  the  shelf  by  means  of  the  motor  and 

upper  end  of  the  tube.  which  also  prevent  operation  of  the  water  pump 

when  the  rear  connections  are  open.  With  the 

The  entire  plate  circuit,  or  output  circuit,  shelf  in  the  raised  position,  it  is  possible  to 

has  been  constructed  on  an  elevating  shelf  disconnect  two  telescoping  water  tubes  from 

which  is  raised  by  four  lead  screws  driven  by  the  anode, 

an  electric  motor  in  the  rear  compartment 

(Figure  7).  Before  this  motor  can  be  energized  With  the  anode  water  connections  removed, 

it  is  necessary  to  remove  two  water  connection^  the  entire  input  circuit  structure  may  be  with- 

which  supply  the  anode,  and  to  withdraw  two  drawn  from  the  cabinet  on  ball  bearing  slides, 

coaxial  output  connections  in  the  rear  compart-  (Figure  8)  With  the  lube  in  this  position, 
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variation.  As  the  tuning  progresses  downward 
from  8  to  4  megacycles,  some  capacity  is 
added  across  the  grid  of  the  tube  and  the  ca¬ 
pacity  of  Cl  is  augmented. 


clamping  rings  at  the  cathode  return  circuit 
and  at  the  grid  ring  may  be  loosened,  and  the 
tube,  which  weighs  150  pounds,  lifted  out  on  a 
block  and  tackle,  (Figure  9) 


The  grid  or  input  circuit  can  best  be  de¬ 
scribed  by  reference  to  a  cross-section  draw¬ 
ing  of  the  sliding  drawer.  (Figure  10)  The 
circuit  is  shown  schematically  in  the  upper 
portion  of  this  drawing.  Because  of  the  re¬ 
quirement  for  linearity,  the  excitation  voltage 
IS  fed  to  a  load  resistor,  or  swamping  resistor 
which  is  water  cooled.  This  voltage  is  im¬ 
pressed  across  the  input  capacitor  of  the  tuned 
circuit  consisting  of  Cl,  LI  and  Cl.  With  this 
circuit  in  resonance,  the  ratio  of  the  voltage 
at  the  input  to  the  voltage  at  the  grid  will  be 
equal  to  the  capacity  ratio.  Cl  over  C2,  A 
step-up  ratio  is  used  so  that  voltage  at  the 
grid  is  about  60%  higher  than  the  input  voltage 
across  the  load  resistor.  Over  the  range  from 
8  to  30  megacycles,  C2  consists  only  of  the  in¬ 
put  capacity  of  the  tube,  and  Cl  is  maintained 
at  a  constant  capacity,  the  tuning  over  this 
range  being  accomplished  entirely  by  inductance 


Referring  to  the  cross-section  view,  it 
will  be  seen  that  a  connecting  strap  is  attached 
at  each  side  of  the  grid  ring  of  the  tube.  These 
straps  lead  outward  in  opposite  directions  and 
connect  to  1-1/2  inch  copper  tubing  conductors 
which  coil  downward  for  1-1/2  turns  each, 
being  wound  in  an  interlaced  fashion  around  the 
central  metal  cylinder.  These  two  coils  form 
the  two  separate  inductance  paths  shown  in  the 
schematic  which  are  electrically  in  parallel. 
These  conductors  are  supported  rigidly  on  the 
metal  cylinder  by  means  of  G7  insulation 
blocks.  A  sliding  contact  is  provided  for  each 
of  the  two  interlaced  conductors,  the  contacts 
being  mounted  on  opposite  sides  of  a  cast 
rotating  contact  ring.  This  contact  ring  is 
held  in  place  on  vertical  slide  bars  mounted 
on  a  large  rotating  cylinder  and  the  weight  of 
the  contact  ring  is  supported  by  4  insulated 
rollers  which  rest  on  the  heavy  conriuctprs  of 


the  coil.  The  drum  to  which  this  contact  ring 
is  attached  rides  on  a  ball  bearing  approximate¬ 
ly  4  feet  in  diameter  and  is  equipped  with  a 
large  ring  gear  at  its  lower  edge  so  that  this 
cylinder  may  be  motor-driven  by  the  tuning 
control  motor.  As  the  cylinder  is  rotated, 
the  contact  ring  turns  with  it,  sliding  the  con¬ 
tacts  along  the  coil  conductor  while  at  the  same 
time  the  rollers  being  supported  by  the  coil 
conductor  lower  the  contact  ring  downward  in 
the  cylinder  or  raise  it  upward  with  opposite 
rotation  in  tuning  toward  higher  frequencies. 

Outside  the  rotating  cylinder  there  is  lo¬ 
cated  a  grounded  stationary  cylinder  with  ap¬ 
proximately  1/4  inch  spacing  between  the 
two.  These  two  large  cylinders  form  the  in¬ 
put  capacitor  Cl.  The  rotating  cylinder 
travels  1-1/2  turns  from  the  lower  end  of  the 
coil  to  a  point  where  the  contacts  are  at  the 
top  of  the  coil  and  only  a  fraction  of  an  inch 
away  from  the  large  straps  extending  out  from 
the  grid  ring. 

The  upper  position  is  the  tuning  position 
for  30  megacycles.  Underneath  the  contact 


ring  there  are  a  series  of  short  concentric 
cylinders  which  form  the  upper  plates  of  the 
padding  capacitor  in  parallel  with  the  input 
capacitor  Cl.  When  the  cylinder  is  rotated 
in  a  direction  to  move  the  contact  ring  down¬ 
ward  on  the  coil  for  about  3/4  of  a  turn,  the 
tuning  position  for  8  megacycles  is  reached. 

At  this  point  the  short  concentric  cylinders 
under  the  contact  ring  begin  to  mesh  with 
another  series  of  concentric  cylinders 
mounted  on  the  base  plate  of  the  assembly. 
From  this  point  to  the  lowest  position  of  the 
contact  ring,  these  cylinders  become  fully 
meshed  adding  additional  capacity  in  parallel 
with  the  input  capacitor  Cl. 

Not  shown  in  this  drawing  are  two  variable 
vacuum  capacitors  connected  in  parallel  from 
the  grid  ring  of  the  tube  to  ground.  The  drive 
for  these  capacitors  is  taken  from  the  same 
motor  which  drives  the  tuning  cylinder  and  so 
arranged  that  in  tuning  from  4  megacycles  up 
to  8  megacycles,  the  vacuum  capacitor  plates 
arrive  at  the  full  open,  or  unmeshed  position. 
From  this  point  on  as  the  circuit  is  tuned 
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Fig.  10 


toward  30  megacycles,  the  iroving  plates  of 
the  vacuum  capacitors  are  caused  to  move 
farther  away  from  the  stationary  plates  but  with 
practically  no  change  in  capacity  since  the 
plates  are  totally  unmeshed.  The  action  of 
these  vacuum  capacitors  in  increasing  the  ca¬ 
pacity  from  grid  to  ground  at  the  tube  is  there¬ 
by  kept  in  step  with  the  large  cylindrical 
padding  for  the  input  capacity  Cl,  maintaining 
the  voltage  step-up  ratio  from  input  to  grid 
substantially  constant  over  the  entire  tuning 
range. 

Sliding  contacts  on  the  inside  of  the  ro¬ 
tating  cylinder  maintain  contact  between  it 
and  the  cast  contact  ring  as  the  ring  travels 
up  and  down  with  rotation  of  the  cylinder.  The 
input  radio  frequency  voltage  and  bias  voltage 
is  brought  to  a  contact  located  at  the  rear  of 
the  sliding  drawer.  This  contact  slides  on  the 
outside  of  the  rotating  cylinder  which  is  the 
feed  point  for  the  network.  Bias  voltage  is 
brought  to  this  input  line  through  a  radio  fre¬ 
quency  choke  and  a  capacitor  blocks  the  bias 
off  of  the  swamping  resistor  and  the  input  line. 

It  will  be  noted  that  the  conductors  of  the 
input  inductance  are  wound  in  close  proximity 
to  the  center  of  the  metal  cylinder  and  also 
that  these  conductors  are  surrounded  at  a  close 
distance  by  the  outer  rotating  cylinder.  The 
inductance  therefore  has  been  designed  from 
transmission  line  formulae  rather  than  as  an 
inductance  coil.  This  has  the  advantage  of 
permitting  greater  conductor  length  for  a 
given  inductance  value  than  would  be  the  case 
for  an  inductance  coll  configuration.  This 
construction  together  with  the  wide  straps  ex¬ 
tending  from  the  grid  ring  closely  spaced  be¬ 
tween  ground  plates  above  and  below  them  per¬ 
mits  the  circuit  to  reach  30  megacycles  and  at 
the  same  time  have  a  tuning  range  extending 
to  4  megacycles  with  the  simple  tuning  vari¬ 
ation  accomplished  by  1-1 /Z  turns  of  the  ro¬ 
tating  cylinder. 

There  is  some  advantage  gained  by 
having  the  radio  frequency  return  circuit 
connect  to  the  cathode  at  points  both  below 
and  above  the  grid  ring.  This  takes  advantage 
of  the  internal  construction  of  the  tube  bring¬ 
ing  out  cathode  return  circuits  at  these  two 
points  and  is  of  some  assistance  in  reducing 
the  inductance  of  the  connecting  leads. 

With  the  input  circuit  in  resonance,  there 
is  a  180  degree  phase  difference  between  the 
voltage  at  the  grid  and  the  voltage  across  the 
input  capacitor  Cl.  This  phase  difference 
may  be  utilized  in  connection  with  neutraliza¬ 
tion.  As  shown  in  the  drawing,  one  side  of  the 


neutralizing  capacitor  is  connected  by  a  sliding 
contact  to  the  upper  edge  of  the  rotating 
cylinder  of  Cl.  The  other  side  of  this 
neutralizing  capacitor  is  connected  to  the  plate 
of  the  tube  through  the  plate  blocking  capacitor. 
Because  of  the  low  inter-electrode  capacity 
between  plate  and  grid  (13  micromicrofarads) 
neutralization  is  not  particularly  critical  at  4 
megacycles.  It  has  been  found  possible  to  ad¬ 
just  the  neutralizing  capacitor  for  proper 
neutralization  at  30  megacycles  and  operate 
through  the  entire  frequency  range  without 
readjustment. 

This  drawing  also  shows  the  filament 
transformer  which  is  located  at  the  center 
of  the  sliding  drawer  inside  the  small  drum 
which  supports  the  inductor. 

The  filament  transformer  (Figure  11)  is 
of  special  design  with  contact  fingers  which 
contact  the  filament  rings  of  the  tube  directly. 

This  transformer  also  serves  as  the  tube 
support. 

Figure  1?.  is  a  viewlooking  down  into  the 
input  circuit  assembly  with  the  top  cover 
plate  removed. 

Output  Circuit 

Schematically,  the  output,  or  plate,  cir¬ 
cuit  is  similar  to  that  used  at  the  input, 

(Figure  13)  The  capacitor  Cl  consists  of 
5  variable  vacuum  capacitors,  each  having  a 
maximum  capacity  of  450  micromicrofarads, 
providing  a  total  capacity  range  of  approx¬ 
imately  100  to  2200  micromicrofarads. 

The  capacitor  C2  consists  of  8  variable 
vacuum  capacitors,  each  having  a  maximum 
capacity  of  800  micromicrofarads.  The  in¬ 
ductor  is  variable  over  an  inductance  range 
of  approximately  8  to  1,  (Figure  14), 

A  single  motor  controls  the  inductor  and 
the  capacitor  Cl  for  adjusting  the  output  cir¬ 
cuit  to  resonance.  Another  motor  controls 
the  capacitor  C2  and  is  used  as  a  load  im¬ 
pedance  adjustment.  The  transformation 
ratio  of  this  circuit  provides  an  impedance 
transformation  from  180  ohms  plate  to  ground 
at  the  tube  to  25  ohms  which  is  the  input  im¬ 
pedance  of  the  matching  network  in  another  cab¬ 
inet.  A  cylindrical  blocking  capacitor  of  spe¬ 
cial  design  fits  inside  of  the  tank  inductor  and 
over  the  anode  of  the  tube. 

The  inductor  design  is  unique  and  may  be 
described  from  the  schematic  shown  in  Figure 
15.  Physically,  it  has  the  external  appearance 


Fig.  13  -  600  lew  aii?)lifier  output  circuit. 


of  a  short  section  of  very  large  coaxial  trans¬ 
mission  line,  having  an  outer  conductor  of 
about  40  inches  diameter  and  an  inner  con¬ 
ductor  of  about  14  inches  diameter  with  a  total 
length  of  about  30  inches,  with  both  ends  scaled 
by  a  shorting  disc  fiom  inner  to  outer  con¬ 
ductor.  Thus  its  outline  has  roughly  a  dough¬ 
nut  shape,  but  it  is  actually  formed  as  a 
toroidal  winding  using  flat  copper  conductors 
which  conform  to  the  shape  described. 
Schematically,  the  inductor  has  two  inner 
terminals  and  two  outside  terminals  and  con¬ 
sists  of  four  winding  sections,  each  of  which 
must  carry  about  104  amperes  of  circulating 
current  for  a  total  lank  current  of  4  16  am¬ 
peres.  13y  following  the  schematic  diagram, 
it  will  be  noted  that  from  a  terminal  con¬ 
nected  to  the  plate  of  the  tube,  the  winding 
proceeds  around  the  toroidal  section  in  op¬ 
posite  directions  to  points  90  degrees  away 
from  the  anode  connection  point.  Two  other 
similar  windings  proceed  from  the  anode  con¬ 
nection  |)oint  at  the  opposite  side  of  the  tube, 
arriving  90  degrees  away  in  each  direction  at 
the  outer  terminals  of  the  other  windings.  It 
will  thus  be  seen  that  internally  the  toroid 
is  made  up  of  four  sections  of  winding  aiding 
since  current  flows  upward  on  the  inner 
cylinder  and  downward  on  the  outer  cylinder 
of  all  turns.  However,  externally,  the  winding 
progresses  in  opposite  directions  in  each 
alternate  quarter  section  of  the  toroid.  The 
result  is  that  the  external  field  of  such  an  in¬ 
ductor  cancels,  providing  a  considerable  ad¬ 
vantage  in  the  reduction  of  shielding  losses. 

The  supporting  rings  for  this  toroid  which 
are  insulated  from  it  by  G7  support  blocks  are 
only  spaced  approximately  4  inches  away 
from  the  inductor  and  totally  surround  it. 

Because  of  the  absence  of  external  field, 
these  shorted  turns  around  the  inductor 
have  no  appreciable  effect  on  its  inductance. 

In  order  to  vary  the  inductance  for  tuning  a 
shorting  disc  is  moved  up  and  down  on  the 
inside  of  the  inductor,  this  disc  being  made 
up  of  13  wedge  shaped  segments,  which 
short  each  turn  individually,  there  being  three 
turns  in  each  quarter  section  of  the  inductor. 
Special  alloy  contacts  with  spring  pressure 


arrangements  are  used  and  the  multiple  con¬ 
tacts  provided  result  in  a  current  per  con¬ 
tact  to  10  amperes.  An  insulating  disc 
carrying  the  13-turn  shorting  segments  is 
moved  up  and  down  within  the  coil  by  means 
of  three  brass  lead  screws  which  arc  motor 
driven.  One  lead  screw  extends  through  the 
lower  side  of  the  toroid  and  connects  with 
the  drive  mechanism  for  the  five  plate  tuning 
capacitors  below  the  inductor. 

In  order  to  have  the  shorting  disc  seg¬ 
ments  moved  vertically  up  and  down  on  the 
lead  screws,  it  is  necessary  that  the  toroid 
turns  be  vertical  on  the  inner  and  outer 
cylinder  and  symmetrically  connected  to¬ 
gether  at  the  top  of  the  toroid.  Therefore, 
the  transition  from  turn  to  turn  is  made 
entirely  on  the  bottom  side  of  the  inductor. 

Performance 

A  typical  intermodulation  distortion 
curve  showing  the  performance  capability 
of  the  amplifier  under  single  sideband  sup¬ 
pressed  carrier  operation  is  shown  in  the 
Figure,  In  making  the  measurement,  the 
amplifier  was  driven  by  a  single  tube  ampli¬ 
fier  also  developed  in  connection  with  the 
same  work  having  a  peak  envelope  output 
power  capability  of  approximately  30  kilo¬ 
watts.  This  driver  amplifier  was  in  turn 
driven  by  a  Western  Electric  Type  LDT-3 
4  kilowatt  peak  envelope  power,  single  side¬ 
band  transmitter.  It  will  be  noted  that  the 
third  order  inter  modulation  product  is  at 
least  35  db  below  single  tone  level  for  any 
power  output  up  to  600  kilowatts  peak 
envelope.  The  plate  efficiency  at  300  kilo¬ 
watts  average  power  output  was  approx¬ 
imately  50%. 

An  inverse  feedback  circuit  developed 
for  use  on  amplifiers  in  single  sideband 
service  was  in  operation  when  these 
measurements  were  taken. 

Distortion  curves,  of  operation  with  and 
without  inverse  feedback  on  the  high  power 
stage  are  shown  here. 


FACTUAL  DATA 
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FACTUAL  DATA 


1.1  Scope . 

The  vrork  accomplished  on  a  task  by  task  basis,  as  outlined  in 
the  Purpose  section  of  this  report,  is  covered  with  emphasis 
given  to  those  areas  of  unusual  difficulty. 

1 . 2  Group  One  -  Modification  of  Radio  Transmitting  Set  AN/FRT-22 . 

(a)  Nomenclature.  The  nomenclature  of  the  "Modified 
AN/FRT-22"  includes: 

(1)  Radio  Transmitter  T-454/FRT-26  (modified) 

(2)  40-Kw  Amplifier 

(3)  Power  Supply  Assembly  PP-1088/FRT-26  (modified) 

(4)  10-Kv  Power  Supply 

(5)  Power  Supply  PP-454/FRT-5 

(6)  5-Kv  Power  Control 

(7)  10-Kv  Power  Control 

(8)  Power  Transformer  TF-196/FRT-26 

(9)  10-Kv  Power  Transformer 

(10)  R-F  Oscillator  0-91/FRT-5 

(11)  R-F  Oscillator  0-270/FRT-26 

(12)  Frequency-Shift  Keyer  ICi:'-45/FRT-5 

(b)  Modification,  Cold  measurement  analysis  of  the  AN/FRT-26 
amplifier  was  performed  to  gain  knowledge  for  the  necessary 
changes  in  physical  construction  for  alteration  of  its  fre¬ 
quency  range.  The  first  and  second  multiplier  plate  circuits 
were  modified  to  cover  30.3  me,  and  a  revision  of  the  tuning 
range  of  the  driver  stage  v/as  made  for  temporary  operation  to 
30,3  me. 
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At  this  point  a  balanced  dissipative  load  capable  of  15-kw 
dissipation  over  the  20  to  30.3  me  range  was  connected  to  the 
output  of  the  AN/FRT-26  equipment.  This  allowed  a  study,  in  a 
prototype  model,  of  the  upper  frequency  range  changes.  \Vhen 
the  driver  portion  of  this  amplifier  was  operated  into  the 
dissipative  load,  the  tuning  was  found  to  be  too  sharp  on  the 
high  end  of  the  tuning  range. 

To  study  the  effects  of  the  modifications  for  other  frequency 
range  coverage,  a  Corning  glass  resistor  load  for  operation  over 
the  frequency  range  of  4  to  65  me  with  a  rating  of  20-kw  average 
power  was  designed  and  installed.  The  equipment  was  then  oper¬ 
ated  over  the  entire  range  of  4  to  30  me  at  the  rated  power  out¬ 
put  and  the  tuning  characteristics  of  the  circuits  of  the  high 
end  of  the  band  were  broadened. 

The  protective  functions  of  the  .M'3/FRT-26  and  the  40-kv; 
alternate  amplifier  were  integrated  with  those  of  the  300-kw  hf 
amplifier  group  through  the  power-control-interchange  panel. 
Interlocking  of  the  automatic  re-start  circuits  of  the  modified 
AN/FRT-22  with  those  of  the  300-kw  equipment  was  also  carried 
through  the  power  control-interchange  panel. 

1 . 3  Group  Two  -  The  300-Kw  HF  Amplifier  Group . 

(a)  Unit  Identification.  The  following  table  lists  all  of 
the  major  units  of  the  300-Kv/  .Amplifier  Group,  together  with 
the  common  names  by  which  they  are  known.  It  shows  the  loca¬ 
tions  of  all  units,  including  minor  units  which  are  contained 
within  the  cabinets  of  the  major  units,  and  lists  the  symbol 
number  groups  assigned  to  the  units.  The  unit  numbers  shown 
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in  the  third  column  represent  the  hundred  series  of  symbol  num^ 
bers  assigned  to  the  units,  e.g.,  the  symbol  number  series 
assigned  to  Unit  5  includes  all  numbers  from  501  through  599. 

UNIT 


NAME  PLATE 

COriTiON  NAMES 

NO. 

LOCATION 

RF  Amplifier 

PA,  Power  Amplifier, 
Pov/er  Amplifier  Unit, 
RF  Amplifier  Unit 

5 

Second  cabinet  from 
extreme  right  of  main 
cabinet  group. 

Feedback  Amplifier 
Z501 

35 

Upper  right  rear  sec¬ 
tion  of  RF  Amplifier 
Unit  cabinet , 

Servo  Control  Panel 
Z502 

36 

Left  front  panel  of 

RF  Amplifier  Unit 
cabinet . 

Voltmeter  Probe 
Plate-Z504 

Grid-Z503 

40 

Plate-Center  rear 
portion  of  plate 
shelf.  Grid-Lower 
center  part  of  the 
rear  section  of  the 

RF  Amplifier  Unit 
cabinet . 

Load  Control  Probe 

Z505 

39 

Center  rear  portion 
of  plate  shelf. 

Servo  Power 

Balanced  Rectifier 

43 

The  servo  amplifier 

Supply 

Servo  Power  Supply 

Z506 

and  the  servo  power 
supply  are  contained 
in  one  unit  which 

Servo 

Balanced  Rectifier 

44 

plugs  into  the  upper 

Amplifier 

Servo  Amplifier 

Z507 

rear  section  of  the 
right  side  of  the  RF 
Amplifier  Unit  cabi¬ 
net  . 

Servo  Positioner 

Z508 

45 

Upper  right  rear 
section  of  the  RF 
Amplifier  Unit  cabi¬ 
net  . 

Feedback  Amplifier 
Pick-up  Probe- 
Plate  Z509 

54 

Rear  portion  of  plate 
assembly  of  RF  Ampli¬ 
fier  cabinet. 
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NAME  PLATE 

COMMON  NAMES 

UNIT 

NO. 

LOCATION 

Feedback  Amplifier 
Pick-up  Probe-Grid 
Z510 

55 

Lower  center  part  of 
the  rear  section  of 
the  RF  Amplifier  Unit 
cabinet . 

Output  Net¬ 
work 

Output  Network  Unit 

6 

First  cabinet  at  ex¬ 
treme  right  of  main 
cabinet  group. 

Servo  Control  Panel 
Z601 

37 

Left  front  panel  of 
Output  Network  Unit. 

Pi  Capacitor 

Servo  Amplifier 

Z607 

34 

Lower  right  front 
section  of  Output 
Network  Unit  cabinet. 

ARC  &  S^VR  Pro¬ 
tective  Device 

Z605 

46 

Center  left  front 
section  of  Output 
Network  Unit  Cabinet. 

ARC  &  SWR  Pro¬ 
tective  Device 

Power  Supply  Z606 

48 

Center  right  rear 
section  of  Output 
Network  Unit  cabinet. 

Pi  Capacitor  Servo 
Control  Panel  Z603 

50 

Right  front  panel  of 
Output  Network  Unit. 

Control 

Control  Unit 

26 

Third  cabinet  from 
extreme  right  of  main 
cabinet  group. 

Servo  Ampli¬ 
fier-Grid 
Tuning  Z2601 

Grid  Tuning  Servo 
Amplifier 

34 

Center  front  section 
of  Control  Unit 
cabinet . 

Servo  Ampli¬ 
fier  Plate 
Tuning  Z2602 

Plate  Tuning  Servo 
Amplifier 

34 

Center  front  section 
of  Control  Unit 
cabinet . 

Servo  Ampli¬ 
fier-Plate 
Loading 

Z2603 

Plate  Loading  Servo 
Amplifier 

34 

Center  front  section 
of  Control  Unit 
cabinet 

Servo  Ampli¬ 
fier-Output 
Ind  Z2604 

Output  Network 
Inductor  Servo 
Amplifier 

34 

Center  front  section 
of  Control  Unit 
cabinet . 
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Servo  Ampli-  Output  Network  Capa-  34  Center  front  section 
fier  Output  citor  Servo  Amplifier  of  Control  Unit 

Cap  Z2605  cabinet. 


NAME  PLATE 

C0M110N  NAMES 

UNIT 

NO. 

LOCATION 

Rectifier 

No.  1 

Rectifier  Unit  No.  1 

25 

Second  cabinet  from 
extreme  left  of  main 
cabinet  group. 

Rectifier 

No.  2 

Rectifier  Unit  No.  2 

24 

First  cabinet  at  ex¬ 
treme  left  of  main 
cabinet  group. 

Distri¬ 

bution 

Distribution  Unit, 
Switchgear 

31 

In  Power  Vault. 

Dummy  Load 

Dummy  Load,  Phantom 
Ant enna 

47 

In  Power  Vault. 

Baiun 

Baiun,  300-Kw  Baiun 

42 

Outside  between  trans 
mitter  building  and 
antenna,  strung  from 
poles  on  strain  in¬ 
sulators. 

Power  Vault 

27 

Fenced  off  portion 

of  the  transmitter 
room  which  contains 
the  high  voltage 
transformers,  filter 
choke  and  filter 
capacitor  rack.  The 
Distribution  Unit, 
Plate  and  Filament 
Regulators  and  the 
Dummy  Load  are  also 
fenced  in  by  the  Power 
Vault . 


Pump  Room,  Cooling 
Equipment 


External  Rf  Equip¬ 
ment 


28  Room  of  transmitter 
building  containing 
the  300-kw  cooling 
equipment  and  the 
Dummy  Load  cooling 
equipment . 

23  Consists  of  the  ANTENNA 
TPJ\NSFER  Switch  which 
is  mounted  on  the 
Dummy  Load  cabinet ,  the 
overhead  mounted 
coaxial  transmission 
line  switches  and  the 
RF  SV/ITCH  POSITIOl'l  in¬ 
dicator  panel  which  is 
mounted  on  the  wall  to 
the  rear  of  the  40-kv/ 
Amplifier  Group. 
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(b)  The  Output  Network. 

(:;  General.  The  300-kw  output  network  was  originally  con¬ 
ceived  to  be  a  balanced  600-ohm  output  with  a  nominal  2  to  1  vswr 
capability.  The  input  to  this  output  network  at  that  time  \^;as 
150  ohms  single-ended  with  tuned  elements  to  give  a  600-ohm 
balanced  output  with  a  capability  of  2  to  1  vs\vr. 

With  the  electrical  design  completed,  mechanical  design  of 
the  tuned  balun  was  started.  Parts  were  released  to  the  shop 
for  manufacture  as  the  design  progressed  to  the  point  of  fabrica¬ 
tion. 

(2)  The  Tuned  Baiun.  The  circuit  for  the  tuned  balun  was 
basically  a  parallel  resonated  tank  with  balanced  series  "  L" 
matching  sections. 

(3)  Transmission  Line  Investigation.  While  a  600-ohm 
transmission  line  performs  very  satisfactorily  for  lov;  power 
operation  where  voltage  between  lines  does  not  reach  the  point 
of  corona,  an  impractical  duct  size  of  44  inches  by  22  inches 
with  two  No.  6  wires,  22  inches  apart,  would  be  required  to 
maintain  a  600-ohm  line  that  would  handle  the  300-kw  average 
power  and  600-kw  peak  power.  It  was  at  this  point  of  the  devel¬ 
opment  that  a  300-ohm  line  impedance  was  suggested  for  the  inside- 
the-building  balanced  transmission  lines  and  an  external  300-  to 
600-ohm  tapered  line  for  field  application.  This  decision 
necessitated  the  design  of  an  output  network  with  a  75-ohm  single- 
ended  input  to  a  300-ohm  balanced  output  which  v/as  capable  of  2 

to  1  vswr  operation. 

As  mentioned  above,  the  input  impedance  to  the  tuned  output 
network  v/as  150-ohms.  This  150-ohm  impedance  had  nov;  become  25- 


ohms  for  reasons  discussed  in  another  section  of  this  report. 
Therefore,  the  configuration  required  became  a  25-  to  75-ohm 
"L"  matching  single-ended  network  with  the  requirement  of  a  75- 
to  300-ohtn  balun  device  capable  of  the  2  to  1  vswr. 

(4)  The  Untuned  Baiun.  An  untuned  balun  was  investigated 
because  of  the  complicated  tuning  procedure  of  a  tuned  balun. 

This  would  eliminate  three  tuning  controls,  even  though  the  first 
investigation  indicated  that  two  untuned  baluns,  that  could  be 
switched  in  and  out  might  be  required  to  cover  the  frequency 
range. 

As  progress  was  made  in  the  area  of  an  untuned  balun  that 
would  operate  at  this  power  level  and  frequency  range,  the 
desirability  of  a  50-ohm  single-ended  output  configuration  of 
the  "L"  matching  section  became  the  criterion. 

(5)  "L"  Matching  Section.  The  "L"  matching  network  thus 
transforms  from  25-ohms  plus  jO  to  50-ohms  plus  jO  with  a  specific 
requirement  of  2  to  1  vswr.  Tv/o  tuning  controls  were  required 
during  the  original  development  work,  one  for  theoutput  shunt 
capacitor  and  one  for  the  series  inductor  of  the  "L"  matching 
netv/ork . 

Uhile  every  precaution  was  taken  to  construct  the  series  in¬ 
ductor  in  the  form  of  a  transmission  line,  as  all  the  inductance 
is  shorted  out,  the  minimum  inductance  would  not  lallow  a  25-ohm 
to  25-ohm  transformation  at  the  high  frequency  end  of  the  band. 
Similarly,  the  total  capacity  in  shunt  with  the  transmission  line, 
when  operating  into  a  25-ohm  characteristic  to  allow  a  perfect 
match  at  the  low  end  of  the  frequency  spectrum,  was  not  large 
enough . 
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During  operation  of  the  "L"  matching  network  (as  originally 
installed  to  match  the  output  of  the  300-kw  amplifier  to  a  50- 
ohm  dummy  load)  the  main  contacts  of  the  inductor  failed,  evalu¬ 
ations  and  a  series  of  redesigns  of  the  contacts  were  made  and  a 
blower  was  added  to  the  unit  to  provide  adequate  cooling  of  these 
contacts  during  continuous  operation. 

The  inductor  was  water  cooled. 

(S)  Metering.  Throughout  the  period  of  the  development  of 
this  equipment,  various  suppliers  were  solicited  to  provide  the 
best  of  metering  capabilities  for  control  of  the  tuning  required 
by  the  "L"  matching  network.  One  of  these,  M.C.  Jones,  Micro¬ 
match  division,  reported  that  the  4  to  30  me  frequency  range,  as 
well  as  the  power  output  of  300-kw  average  and  600-kw  peak,  put 
the  requirements  of  our  particular  vswr  indicator  outside  of  the 
capabilities  of  the  company  at  that  time. 

Continental  Electronics  engineers  successfully  designed  and 
manufactured  vswr  indicators  for  application  in  the  300-kw  sec¬ 
tion  of  this  amplifier.  Throughout  the  rf  testing  of  the  output 
network,  preventive  steps  were  taken  from  time  to  time  to  shield 
the  stray  rf  from  the  metering  circuits. 

(7)  Protective  Device.  In  high  power  amplifiers,  working 
at  high  gradient  voltage  conditions,  it  is  not  uncommon  to  find 
what  is  referred  to  as  an  "arc  protective  unit If  an  arc  is 
caused  in  the  rf  circuitry  for  any  reason,  the  rf  energy  from 
the  amplifier  will  normally  sustain  this  arc;  therefore,  it  is 
essential  that  the  rf  excitation  be  squelched  to  prevent  damage. 

An  arc  and  vswr  protective  device  was  incorporated  into  the 
equipm.ent  for  these  reasons.  The  evolution  of  this  protective 


device  started  with  the  use  of  the  power  amplifier  bias  supply  as 
a  source  of  energy.  This  system  could  never  be  made  fast  enough 
to  provide  adequate  protection  from  damage  due.  to  the  rf  energy, 

A  separate,  negative  1800-volt  dc  power  supply  was  designed 
and  a  complex  choking  arrangement  was  incorporated  to  apply  the 
voltage  to  the  elements  of  the  transmitter  and  the  transmission 
line.  The  complications  encountered  with  the  rf  choking  arrange¬ 
ment  were  hot  spots  on  the  chokes  at  the  high  end  of  the  band 
and  insufficient  choking  at  the  low  end  of  the  band.  Resistive 
loading  of  the  chokes  solved  the  problem. 

(8)  Mechanical  Arrangement.  The  output  network  was  con¬ 
structed  in  a  cabinet  approximately  44  inches  wide,  59  inches 
deep,  and  78  inches  high.  The  electrical  length  of  the  25-ohm 
transmission  line  required  to  couple  to  the  input  of  the  "L"  net- 
worlc  v;as  approximately  15  inches,  but  as  originally  positioned 
and  connected  to  the  power  amplifier,  there  was  an  additional 
length  of  25-ohm  transmission  line  of  about  10  or  12  feet. 

VJhile  determining  the  capabilities  of  the  300-kw  transmitting 
equipment  as  a  system,  conditions  indicated  that  the  long  length 
of  transmission  line  between  the  output  section  of  the  power  ampli¬ 
fier  plate  “pi"  circuit  and  the  input  of  the  “L"  matching  network 
caused  difficulties  in  the  harmonic  content  of  the  transmitter 
output.  The  first  step  in  determining  the  effect  of  this  long 
length  of  transmission  line  between  the  power  amplifier  and  the 
output  netV'/ork  v/as  to  increase  the  length  of  the  line  and  observe 
the  effects  on  the  harmonic  output  of  the  transmitter. 

It  was  at  this  point  that  the  data  which  had  been  collected 
indicated  that  the  shortest  possible  length  of  transmission  line 
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betvveen  the  power  amplifier  unit  and  the  output  network  would 
minimize  the  difficulties.  For  this  reason,  the  water  cooled 
output  network  cabinet  (44  inches  wide,  59  inches  deep  and  78 
inches  high)  was  positioned  on  its  side  to  the  rear  of  the  power 
amplifier  unit.  The  mechanics  alone  of  this  change  required  one 
week  of  work. 

VJhile  the  output  network  was  mounted  in  this  position,  a  new 
problem  was  discovered  during  the  hours  of  data  taking  and  testing 
of  the  unit.  Basically,  this  problem  was  the  effect  of  the  trans¬ 
mission  line  length  between  the  output  section  of  the  "pi"  net¬ 
work  and  the  input  section  of  the  "  L"  network  transforming  from 
the  dummy  load  through  the  "L"  matching  network  and  the  length 
of  line  to  a  plus  reactance  component  that  parallel  resonates  the 
output  capacity  of  the  plate  "pi"  network  at  the  second  harmonic. 
This  occurred  during  operation  of  the  transmitter  on  21.5  me. 

The  43  me  harmonic  energy  exceeded  the  fundamental. 

This  was  a  significant  reason  but  not  the  only  reason  for  the 
problems  in  this  area.  The  input  of  the  "L"  matching  network  was 
shunted  with  a  capacitor,  referred  to  as  the  harmonic  "pi"  capaci¬ 
tor,  in  order  to  reduce  the  effects  at  the  second  harmonic  of  the 
impedance  being  reflected  to  the  output  section  of  the  plate  "pi" 
network.  The  problem  of  determining  the  tuning  curve  required  for 
the  harmonic  "pi"  capacitor  and  the  problem  of  adding  a  servo  con¬ 
trol  unit  for  this  capacitor  were  solved. 

The  output  network  was  installed  in  its  original  position  but 
the  mechanical  configuration  was  completely  reversed  so  that  the 
shortest  possible  feed  could  be  made  betv;een  the  output  section 
of  the  "pi"  network  of  the  power  amplifier  unit  to  the  " L"  match¬ 
ing  netvrarlc. 


(c)  The  Baiun.  Because  of  the  circuit  complexities  and  design 
problems  associated  with  tuned  baluns,  a  study  of  untuned  baluns 
was  started.  Two  types  of  baluns  were  considered.  The  first  of 
these  was  a  parallel  vraund  transmission-line  balun  with  the  low- 
impedance-end  having  the  transmission  lines  paralleled  and  the 
high-impedance-balanced-end  having  the  transmission  lines  in 
series.  The  second  study  involved  the  loop  balun. 

A  full  scale  model  of  the  parallel  wound  transmission  line 
balun  was  constructed  and  impedance  and  balance  measurements 
were  made.  The  data  indicated  that  the  balance-to-ground  would 
not  be  satisfactory  and  that  the  full  frequency  range  of  4  to  30 
me  could  not  be  covered  with  one  balun.  A  system  of  switching 
two  or  more  of  these  baluns  would  be  required  to  completely 
cover  the  frequency  range. 

A  study  of  the  loop  balun,  as  originally  conceived  by  a 
group  of  German  engineers,  was  undertaken.  A  translation  of  the 
German  article  became  the  forerunner  of  the  work  toward  a  loop 
balun  for  this  power  and  frequency  range. 

Under  a  separate  contract  to  the  Signal  Corps,  the  Develop¬ 
mental  Engineering  Corporation  in  V/ashington,  D.C.,  had  been 
awarded  a  contract  for  a  design  study  of  the  loop  balun  for  high 
power  transmitters  and  high  pwer  transmission  lines.  The  proto¬ 
type  work  that  this  company  did  on  high  power  baluns  produced 
a  balun  supposedly  designed  for  300-kw  average  power,  600-kw 
peak  power  v/ith  the  design  objectives  to  be  better  than  1.2  to 
1  over  the  frequency  range  of  4  to  30  me.  This  loop  balun  was 
constructed  with  a  square  cross-section  and  an  externally  flat 
tapered  exponential  line.  Reference  to  the  data  related  to  the 
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loop  balun  vrork  completed  by  Developmental  Engineering  Corpora¬ 
tion  (prior' to  the  time  Continental  Electronics  manufactured  a 
high  power  loop  balun)  is  included  in  the  publications  section 
of  this  final  technical  report. 

To  ensure  mechanical  stability  and  yet  remain  light  weight, 
six  inch  aluminum  conduit  was  chosen  as  a  main  conductor  for  the 
prototype  model  of  the  high  power  loop  balun  constructed  by 
Continental  Electronics.  The  design  objectives  of  this  balun 
were  for  a  single  ended  impedance  of  50-ohms  to  be  transformed 
to  300-ohms  capable  of  withstanding  the  voltages  and  currents 
involved  with  a  2:1  vswr. 

Early  work  on  the  prototype  balun  indicated  that  the  50-ohm 
to  300-ohm  device  was  quite  practicable,  but  the  time  element 
would  not  justify  the  efforts  for  creating  this  type  of  balun. 

As  a  compromise,  the  impedance  of  the  loop  balun  became  50-ohms 
single-ended  to  220-ohms  balanced  over  the  frequency  range  of 
4  to  30  me  with  the  vswr  not  exceeding  1.4  to  1  throughout  this 
range. 

Power  testing  of  the  loop  balun  was  accomplished  by  placing 
the  balun  on  the  roof  of  the  transmitter  test  area.  A  6-1/8 
inch  50-ohm  transmission  line  was  connected  to  the  balun  by 
routing  it  through  the  roof  over  the  output  network.  This  line 
connected  to  the  input  side  of  the  balun  while  the  output  side 
of  the  balun  fed  parallel  220-ohm  transmission  lines  that  tapered 
to  a  200-ohm  nominal  impedance.  The  200-ohm  impedance  was  con¬ 
nected  through  100-ohm  single-ended  lines  to  the  dummy  load. 

The  dummy  load  was  constructed  in  such  a  way  that  two  100-ohm 
resistors  were  paralleled  to  form  a  50-ohm  load  which  could  be 
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operated  as  a  100-ohm  load  on  each  side,  i.e.,  as  a  200-ohm 
balanced  load. 

Only  one  frequency  of  operation  was  completed  into  the  dummy 
load  arrangement  as  described  above.  This  frequency  was  approxi¬ 
mately  8  me.  The  only  other  frequency  of  po\^^r  test  for  the 
loop  balun  was  made  at  21.570  me.  This  frequency  was  used  during 
one  v/eek  of  propagation  test  studies  conducted  for  the  Signal 
Corps  during  the  development  of  the  transmitter. 

The  remaining  power  tests  of  the  loop  balun  were  conducted 
at  the  installation  site  of  the  300-kw  hf  transmitter  at  Wood- 
bridge,  Virginia.  At  that  site,  twenty- five  frequencies  were 
employed,  tested  and  checked  out,  ten  of  which  were  applied  to 
the  antenna  and  loop  balun.  No  adverse  effects  were  noted 
throughout  the  power  testing  of  the  loop  balun  while  conducted 
by  engineers  from  Continental  Electronics. 

It  was  determined  at  a  later  date  that  a  cast  flange  near  the 
input  of  the  loop  balun  v;as  damaged  during  the  installation,  but 
caused  no  trouble  until  an  arc  persisted  in  the  balun.  Opening 
of  the  balun  revealed  that  a  small  portion  of  this  cast  flange 
had  a  sharp  point  projecting  tov\rard  the  inner  conductor  of  the 
line,  and  smoothing  of  this  connection  restored  normal  operation. 
All  this  data  v/as  fora'^arded  to  Continental  Electronics  by  Signal 
Corps  Engineers. 

(d)  The  300-kv/  Power  Amplifier. 

(1)  General.  Some  of  the  pertinent  data  that  was  col¬ 
lected  before  design  of  the  power  amplifier  indicated  that 
first,  a  single  tube  amplifier  would  be  of  prime  importance  for 
handling  the  problems  related  to  parallel  resonant  impedances 
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and  secondly,  if  an  existing  tube  would  meet  the  requirements, 
the  high  cost  of  the  development  of  a  special  tube  for  this 
application  would  be  saved.  The  RCA  A2332D,  the  forerunners  of 
which  were  the  shielded  grid  triode  tubes  used  in  the  Jim  Creek 
1-megawatt  VLF  transmitter,  was  chosen  for  this  application.  The 
tube  type  number  was  changed  at  a  later  date  to  6949.  Some  A.E.C. 
radiation  installations  had  been  using  this  tube  near  its  strap 
resonant  frequency  of  approximately  72  me,  therefore  there  were 
no  problems  to  be  encountered  by  seal  heating  or  similar  circum¬ 
stances.  The  A2332D  (6949)  was  a  proven  tube. 

(2)  Input  Circuit.  A  standard  RETMA  3-1/8  inch  50-ohm 
transmission  line  was  selected  for  feeding  the  20-kw  average 
power,  40-kw  peak  power,  4  to  30  me  energy  to  the  input  circuit 
of  the  300-kw  power  amplifier. 

A  swamping  resistor  of  50-ohms  was  originally  placed  in  service 
at  the  input  to  the  amplifier.  This  consisted  of  six  300-ohm 
Corning  glass  resistors  in  parallel  for  50-ohms  im.pedance. 

Due  to  problems  encountered  during  the  development,  where  it 
was  necessary  to  place  resistance  within  the  tank  circuit  of  the 
input  arrangement,  two  of  the  300-ohm  resistors  were  removed, 
leaving  the  theoretical  75-ohm  impedance  in  shunt  with  the  total 
input  circuit  of  the  power  amplifier.  This  was  done  to  more 
nearly  match  the  50-ohm  input  requirement  of  the  power  amplifier. 

The  frequency  range,  voltage  and  current  required  for  the  grid 
blocking  capacitor  on  the  input  circuit  necessitated  that  a 
cluster  of  Centralab  capacitors  be  employed.  It  is  extremely 
important,  in  working  with  clusters,  to  keep  the  first  resonance 
above  the  second  harmonic  (60  me)  to  ensure  no  burn-up  of  the 
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blocking  capacitor  due  to  high  "Q"  resonant  circuits. 

Only  concentric  ring  air  capacitors  are  employed  for  the  in¬ 
put  pi  network  on  the  transmission  line  side.  These  capacitors 
are  meshed  and  unmeshed  as  the  frequency  of  operation  is  selected 
h  study  of  the  mechanical  configuration  will  clearly  indicate  the 
approximate  40  inch  diameter  concentric  ring  air  capacitors  on 
the  transmission  line  side  of  the  input  pi  network. 

Considerable  ingenuity  was  employed  in  developing  the  method 
of  obtaining  the  inductance  required  for  the  input  pi  network. 

A  fixed-characteristic-impedance  transmission  line  with  a  coil¬ 
tapping  shorting-device  was  employed  for  this  application.  The 
amount  of  inductance  required  is  related  to  the  electrical 
length  of  the  fixed  characteristic  transmission  line  for  each 
of  the  frequencies  of  operation, 

T'Jhile  operating  on  8  me,  the  back  turn  resonance  of  this 
shorted  transmission  line  inductance  was  found  to  be  within  the 
parasitic  circuit  of  the  72  me.  Follow  up  contacts  were  put 
into  operation,  after  first  experimenting  with  the  possibility 
of  resistive  loading,  at  72  me  on  the  unused  portion  of  the 
transmission  line  inductance. 

The  grid-side  capacity  of  the  input  pi  network  is  composed 
of  basically  the  interelectrode  capacity  of  the  tube  plus  some 
variable-vacuum  capacitors  in  parallel  over  the  lower  part  of 
the  frequency  spectrum. 

Only  the  interelectrode  capacity  of  the  tube,  1400  mmf,  is 
required  for  the  input  capacity  of  the  pi  network  throughout 
the  frequency  range  of  8  to  30  me.  Over  the  frequency  range  of 
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4  to  8  me,  the  additional  capacity  is  composed  of  two  Jennings 
capacitors,  each  1200  mmf.  This  capacity  is  added  to  the  cir¬ 
cuit  as  a  straight-line  function  from  4  to  8  me  and  is  not  in 
the  circuit  from  8  to  30  me. 

The  return  inductance  paths  of  the  two  Jennings  capacitors 
were  found  to  be  within  the  parasitic  frequency  of  72  me  while 
operating  on  8  me.  A  breadboard  approach  was  conducted  to  de¬ 
termine  a  method  of  de-Q-ing  the  residual  inductance  of  the 
mounting  assembly  of  these  capacitors.  Powdered  iron  rings  em¬ 
bedded  in  dove-tail  slots,  which  were  cut  cylindrically  around 
the  capacitors,  were  used  with  success  in  the  solution  of  this 
problem. 

Very  low- inductance  flat  strap  leads  were  employed  to  connect 
the  shorted  transmission  line  inductance  to  the  grid  of  the  tube. 
It  was  found  that  grid-lead  de-Q-ing  would  be  necessary  to  ensure 
complete  squelching  of  the  72  me  parasitic  which  was  encountered. 

An  experiment  employing  the  transmitter  itself  was  conducted. 
Ten  2-watt,  100-ohm,  carbon  resistors  were  placed  in  parallel  to 
determine  the  exact  minimum  resistance  required  to  provide  the 
necessary  de-Q-ing  of  the  72  me  parasitic.  When  this  resistance 
value  was  known,  an  experiment  v/as  carried  out  to  scientifically 
establish  a  method  of  inserting  the  correct  resistance  at  72  me 
with  only  a  minimum  of  resistance  added  to  the  30  me  operating 
frequency  at  the  upper  end  of  the  band. 

Dove-tail  slots  were  put  on  both  sides  of  the  1/2  inch  by  6 
inch  wide,  approximately  10  inch  long  grid  straps.  This  dove¬ 
tail  slot  was  filled  with  powdered  iron  resistance  material  to 
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give  the  theoretical  resistance  for  de-Q-ing  the  72  me  oscilla¬ 
tion. 

The  input  pi  circuit  was  completely  enclosed  in  a  sliding 
drawer  mechanism  to  provide  a  simple  method  for  tube  change.  The 
filament  transformer  was  part  of  this  sliding  drawer  mechanism 
and  became  the  socket  for  the  tube.  All  other  hardware  is  either 
physically  part  of  the  grid  drawer  or  is  bolted  to  the  tube  be¬ 
fore  putting  it  into  the  socket. 

(3)  Plate  Circuit.  The  plate  circuit  is  another  pi  network 
and  is  shunt  fad. 

The  plate  blocking  capacitor  was  originally  conceived  to  be  a 
pair  of  teflon-impregnated  cylinders  approximately  7  inches  in 
diameter  and  30  inches  long.  This  work  was  contracted  for  to  the 
U.S,  Gasket  Company  and  a  satisfactory  unit  was  received  only 
after  Continental  Electronics  Mfg,  Company  had  paralleled  their 
efforts  and  patented  a  technique  of  employing  irradiated  poly¬ 
ethylene  as  a  dielectric  material  for  blocking  capacitors. 

The  plate  capacity  of  the  output  pi  network  above  the  fre¬ 
quency  range  of  approximately  26  me  was  essentially  the  output 
capacity  plus  strays  of  the  6949  power  amplifier  tube.  Over  the 
frequency  range  of  approximately  4  to  26  me,  five  Jennings  capaci¬ 
tors  were  connected  in  a  tight  ring  in  parallel  to  supply  approxi¬ 
mately  2250  mmf  total  capacity  for  the  4  me  operation.  During 
the  development  of  the  transmitter,  it  became  necessary  to  employ 
a  gap  on  the  outside  periphery  of  the  ring  supporting  these 
capacitors  to  ensure  that  any  arc  to  ground  would  not  damage  the 
capacitors.  While  many  hours  during  the  development  of  the 
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transmitter  were  spent  studying  the  resonant  impedances  associat¬ 
ed  with  the  five  capacitors  in  a  ring,  the  final  conclusions  were 
that  there  were  no  resonances  substantially  aiding  any  of  the 
problems  associated  with  completing  the  development  of  the  equip¬ 
ment  . 

The  plate  inductor  of  the  output  pi  network  went  through  a 
rather  strange  evolution  to  reach  its  final  stage.  The  original 
work  was  for  a  toroid  inductor  to  provide  a  transformation  of 
approximately  1  to  1  from  the  plate  impedance  to  the  output  trans¬ 
mission  line.  This  is  an  approximately  150-ohm  plate  impedance 
to  150-ohm  output  impedance. 

The  turn-to-turn  voltage  of  an  inductor  for  this  impedance 
transformation  would  be  excessive  and  to  ensure  satisfactory 
turn-to-turn  voltage  of  the  toroid,  early  tests  were  started  to 
find  a  dielectric  material  that  could  be  placed  between  the  turns 
of  the  toroid  to  contain  the  voltage.  A  silastic  rubber  extrusion 
was  purchased,  on  which  tests  were  conducted.  The  material  was 
found  to  be  extremely  lossy  and  unsatisfactory  for  a  voltage 
gradient  device. 

Other  factors  involved  in  the  development  of  the  transmitter 
changed  the  output  transmission  line  impedance  requirement  to 
25  ohms.  For  this  reason,  the  voltage  gradient  was  reduced  and 
the  turn-to-turn  voltages  involved  could  now  be  contained  v/ith- 
out  the  use  of  dielectric  material  between  the  turns. 

The  first  toroid  inductor  placed  in  the  power  amplifier  for 
pov/er  tests  had  a  large  parallel  plate  of  the  toroid  tied  to  the 
plate  capacity  of  the  tube,  thus  restricting  the  minimum  capacity 
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that  could  be  achieved  by  the  plate  tuning  control.  This  was 
changed  in  later  tests  so  that  the  extra  capacity  became  part  of 
the  output  pi  capacity. 

A  most  ingenious  method  of  varying  the  inductance  of  the  toroid 
was  devised.  It  employed  inner  and  outer  contacts  on  an  exact 
replica  of  the  top  plate  of  the  toroid,  driven  by  four  lead  screws. 
The  inner  contact  buttons  were  of  silver-graphalloy  content  and 
the  connecting  straps  (to  the  housing  for  the  contact)  were  of 
solid  silver.  The  current  vras  not  allowed  to  flow  through  the 
springs  pushing  on  the  mechanisms  holding  the  silver  contact 
buttons  and  heat  sinks  were  employed  to  rem.ove  the  heat  from  the 
contacts  as  fast  as  possible.  The  adjusting  technique  ensures 
equal  pressure  on  all  the  springs  and  equal  pressure  from  all  the 
contacts  on  the  toroid.  Since  a  larger  surface  area  was  involved, 
the  outer  contacts  were  of  the  conventional  type  and  originally 
employed  short  pressure  arms  with  silver  graphalloy  contact 
buttons.  Longer  arms  were  installed  prior  to  shipment,  of  this 
transmitter  to  the  first  installation  site. 

The  toroid  inductor  was  designed  to  make  separation  and  re¬ 
moval  as  easy  as  possible  because  of  the  complexity  of  its 
mechanical  configuration.  Finger  contact  plug  and  socket  as¬ 
semblies  were  employed  to  connect  the  toroid  plate  inductor  to 
the  plate  pi  capacitor  and  the  output  pi  capacitor  of  the  output 
pi  network.  The  toroid  coil  could  be  cranked  in  and  out  of  these 
finger  stock  arrangements. 

The  original  shorting  plate  was  supported  by  a  G7  doughnut 
ring.  During  the  development  of  the  amplifier,  this  G7  ring 
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received  the  full  force  of  many  arcs  related  to  parasitic  and 
voltage  build-ups  within  the  toroid.  Although  these  arcs  were 
eliminated  during  the  development  of  the  amplifier,  it  was  deem¬ 
ed  necessary  to  provide  a  different  method  of  supporting  the 
shorting  rings.  A  solid  brass  ring  with  a  ceramic  insulator 
support  above  the  plate  was  designed,  and  later  the  ring  was 
lightened  by  cutting  out  as  much  material  from  the  ring  as  possi¬ 
ble. 

Throughout  the  power  testing  of  the  300-kw  power  amplifier,  the 
possibility  of  water  cooling  the  inner  turns  of  the  toroid  was 
considered.  In  lieu  of  this  consideration,  after  power  testing 
was  completed  in  the  manufacturing  facility  and  before  shipment 
to  the  installation  site,  a  loop  of  copper  water  tubing  was 
silver  soldered  to  each  of  the  12  inner  turns  of  the  toroid. 

This  was  done  to  ensure  an  easy  method  of  water  cooling  the  inner 
toroid  turns  if  proof  of  performance  tests  indicated  that  it  was 
necessary.  To  complete  the  water  path,  it  was  necessary  to  sup¬ 
ply  fittings  in  parallel  with  the  water  flow  to  the  first  section 
of  the  plate  rf  choke. 

The  toroid  inductor  was  connected  to  the  plate  " C"  capacitor 
at  two  points.  From  each  of  these  two  points,  tvro  paths  of  the 
toroid  inductance  ware  connected,  one  to  the  left  bank  and  one 
to  the  right  bank  of  the  load  capacity.  The  toroid  inductance 
was  therefore  constructed  in  four  equal  segments  of  approximately 
three  turns  each. 

V/ith  a  new  output  impedance  of  25-ohms,  made  possible  by  other 
major  circuit  changes  during  the  development  of  the  transmitter. 
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Jennings  vacuum  capacitors  of  15-kv  peak  rating  could  be  employed 
for  the  output  pi  capacitor  of  the  output  pi  network.  Four 
capacitors,  each  with  a  maximum  capacity  of  800  mmf,  are  used  on 
each  of  two  sides  for  a  total  capacity  of  6,400  mmf. 

A  50-ohm  transmission  line  connects  in  as  short  a  path  as  pos¬ 
sible  from  each  of  the  two  banks  of  load  capacitors  to  a  common 
point  at  which  a  25-ohm  line  feeds  to  the  output  network.  The 
evolution  of  this  feed  system  is  described  in  the  output  network 
section  of  this  report. 

Only  the  residual  inductance  of  the  toroid  tied  the  two  halves 
of  the  load  capacity  together  during  the  original  power  tests. 

The  effect  of  the  cross-over  frequency  was  encountered  while 
operating  on  approximately  14  me.  The  voltage  from  the  load 
capacity  to  ground  would  rise  to  a  high  value  and  cause  arcing 
and  sometimes  damage  to  the  capacitors.  The  cross-over  was 
caused  by  the  residual  inductance  and  the  inductance  of  the  two 
50-ohm  lines  tying  together  and  resonating  the  load  capacity  at 
a  harmonic  frequency.  This  frequency  would  have  a  high  "Q" 
resonant  circuit  associated  with  it,  not  loaded  by  the  dummy 
load  or  by  the  matching  network  of  the  equipment. 

Several  power  experiments  were  conducted  to  determine  a 
method  of  controlling,  or  effectively  de-Q-ing,  the  balance. 

Some  of  the  first  experiments  included  the  use  of  Globar  re¬ 
sistors  and  capacitors  to  move  the  resonant  frequency  out  of 
the  band  as  well  as  to  de-Q  it.  Since  the  inductance  of  the  re¬ 
sistors  was  still  too  great.  Corning  glass  resistors  were  tried. 
Here  again,  the  wattage  capabilities  for  an  air  cooled  resistor 
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was  not  sufficient  to  dissipate  the  generated  energies  from  this 
cross-over  effect. 

Theoretically,  a  third  inductance  value  much  less  than  the 
other  two  inductance  values  would  essentially  raise  the  resonant 
frequency  above  the  second  harmonic,  or  at  least  put  it  in  a 
position  so  that  no  further  cross-over  effect  would  be  encounter¬ 
ed.  The  finally-successful  cross-over  resonance  destroying  device 
comprised  two  flat  straps  very  close  to  ground  with  powdered  iron 
on  the  surface  of  the  strap  adjacent  to  the  ground. 

One  of  these  straps  was  placed  on  the  front  edge  of  the  cabinet 
tying  the  two  load  capacitors  together.  The  other  strap  was  placed 
on  the  back  half  of  the  capacitors  to  tie  them  together.  One  of 
the  most  serious  problems  encountered  during  the  development  of 
the  transmitter  was  the  43  me  harmonic  frequency  while  operating 
on  21.5  me.  At  one  stage  of  the  development,  it  was  found  there 
was  a  greater  second  harmonic  energy  than  fundamental  energy 
being  coupled  to  the  dummy  load. 

VJhile  it  was  determined  at  a  later  date  that  this  was  caused 
by  a  combination  of  factors,  the  major  factor  was  the  very  low 
second  harmonic  impedance  of  the  plate  to  ground  capacity  which 
was  essentially  tying  the  outer  shield  of  the  toroid  conductor  to 
ground.  This  outer  shield  began  to  act  like  a  quarter  wave  open 
stub,  developing  rather  high  potentials  on  the  top  section  of  the 
toroid  and  causing  arcing  to  ground  and  to  the  top  of  the  cabinet. 

It  was  an  unv/orkable  arrangement. 

One  of  the  experiments  conducted  in  an  attempt  to  de-Q  this 
cabinet  resonance  was  straight forv/ard  capacitive  resistive  coup- 


ling  using  Globar  resistors  employed  in  the  circuit  to  keep  them 
from  burning  up. 

Another  test  employed  the  use  of  iron  support  channels  in 
place  of  the  aluminum  channels  which  hold  the  toroid  in  position. 
The  possibility  of  tuning  these  iron  channels  to  43  me  was  in¬ 
vestigated.  No  breadboard  tests  or  the  power  tests  that  were  con¬ 
ducted  using  the  iron  support  provided  any  improvement  over  the 
sit uarion. 

A  single  high  pass  filter  technique  utilizing  two  5-kw  Corning 
glass  water  cooled  resistors  was  employed.  Pov^^er  tests  through 
the  43  me  harmonic  frequency  indicated  that  a  little  over  5-kw 
was  dissipated  at  one  frequency,  A  second  similar  device  was 
constructed  in  order  to  halve  the  dissipation  and  possibly 
squelch  the  harmonic  to  a  lower  value,  but  it  was  found  that  the 
harmonic  could  not  be  reduced  any  appreciable  amount  by  the  addi¬ 
tional  high-pass  filter. 

Therefore,  a  single  high-pass  filter  coupled  to  the  circuit 
through  an  air  capacitor  was  determined  to  be  the  best  solution 
for  squelching  the  cabinet  resonance  at  43  me. 

During  the  development  of  the  high-pass  filter,  indications 
were  that  better  shielding  of  all  openings  would  be  required. 
Additional  finger  stock  contact  arrangements  were  made  between 
the  top  of  the  shelf  and  the  cabinet  as  well  as  to  all  other 
openings  related  to  the  in  and  out  connections  of  the  power  ampli¬ 
fier.  The  window  openings  in  the  front  door  of  the  power  ampli- 
cabinet  were  screened  with  1/4  inch  hardware  cloth  to  prevent 
radiation  through  the  glass  opening. 
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The  first  attempt  in  the  design  of  an  rf  choke  for  this  high 
power  application  was  rather  unique.  It  was  a  variable  rf  choke 
approximately  6  inches  in  diameter  having  a  length  of  12  to  14 
inches.  Each  of  the  turns  over  approximately  50%  of  the  coil  was 
loaded  with  a  two  watt  resistor  in  the  unused  back-turn  section 
of  the  coil.  This  was  used  in  a  single  "L"  section  filter,  but 
was  abandoned  because  it  was  found  to  be  inadequate  for  the  high 
voltages  that  were  encountered. 

A  single  rf  choke  was  constructed  of  rather  large  wire  to 
carry  a  large  portion  of  the  circulating  current  of  the  power 
amplifier  pi  network  at  the  low  frequencies.  This  again  was  em¬ 
ployed  in  a  single  section  fileter  and  on  some  frequencies  the 
level  of  rf  energy  on  the  plate  voltage  lead  was  found  to  be  ex¬ 
tremely  high.  Two  steps  were  taken  at  this  point  of  the  develop¬ 
ment  to  improve  the  situation.  A  silver-plated,  water  cooled 
first  section  rf  choke  was  developed,  and  a  second  section  choke, 
de-Q-ed  by  a  capacitor  coupled  Globar  resistor,  was  incorporated. 
A  specially  designed  Centralab  1000  mmf  capacitor  was  employed 
for  the  feed  through  capacity  of  the  second  "L"  section  filter. 

The  first  shunt  element  was  series  resonated  to  approximately  6 
me. 

A  powdered  iron  slug  was  connected  to  the  B/  lead  outside  the 
rf  cabinet.  This  was  done  to  destroy  any  very  high  frequency 
harmonic  energy  tending  to  go  out  the  B/  lead. 

(4)  Neutralizing  Circuit.  The  neutralizing  circuit  employ¬ 
ed  a  variable  vacuum  capacitor  tied  directly  to  the  plate  of  the 
tube  and  coupled  to  the  grid  of  the  tube  through  the  grid  pi  net- 
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work,  which  is  essentially  a  180°  phase  shifting  network. 

I*/hile  the  input  pi  network  established  the  phase  shift  required, 
the  magnitude  of  the  signal  coupled  back  to  the  grid  was  deter¬ 
mined  by  the  capacitive  reactance  of  the  neutralizing  capacitor. 
Satisfactory  neutralization  was  accomplished  by  adjusting  the 
neutralizing  capacitor  while  operating  at  20  me  and  never  chang¬ 
ing  it  across  the  band.  The  input  grid  network  was  always  tuned 
to  the  operating  frequency,  thus  assuring  approximately  180° 
phase  shift. 

The  lead  inductance  in  series  with  the  neutralizing  capacitor 
was  held  to  a  minimum  to  ensure  full  frequency  coverage  without 
change  of  the  neutralizing  capacitor  setting. 

(5)  Feed  Back  Amplifier.  The  original  calculations  indicat¬ 
ed  that  the  hum  level,  using  the  RCA  6949  high  power  shield-to- 
grid  triode  tube,  would  be  extremely  high.  For  this  reason,  a 
feed  back  system  was  conceived  to  reduce  the  hum  level  to  an 
acceptable  value. 

The  original  concept  was  for  a  fixed  sample  of  the  output  rf 
voltage  to  be  compared  directly  to  a  fixed  sample  of  the  input 
rf  voltage  on  the  output  6-1/8  inch  transmission  line  and  the  in¬ 
put  3-1/8  inch  transmission  line.  Extreme  care  was  exercised  to 
assure  that  the  two  samples  would  be  flat  with  frequency  and  have 
corresponding  phase  characteristics  as  the  transmitter  frequency 
was  tuned  from  4  to  30  me. 

The  early  power  tests  with  the  feed  back  amplifier  indicated 
that  with  the  proper  adjustment  of  the  rf  levels,  approximately 
8-db  improvement  of  the  hum  frequency  was  obtainable. 
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The  first  model  of  the  feed  back  amplifier  employed  capacitive 
divider  sampling  of  the  two  rf  energies  and  coupled  the  rf  sample 
to  the  feed  back  amplifier  chassis  where  the  individual  grid  and 
plate  diode  samples  would  convert  the  rf  to  a  dc  reference  level. 
Due  to  the  extreme  problem  of  keeping  the  amplitude  and  phase 
of  the  two  samples  synchronized,  an  alternate  method  was  developed 
with  the  capacity  dividers  and  diodes  mounted  in  a  common  housing 
at  the  rf  sample  points.  The  two  dc  references  were  then  fed  to 
the  feed-back  amplifier  chassis  where  a  null-servo  balanced  the 
two  signals  and  allowed  only  the  unbalanced  voltaged  to  be  ampli¬ 
fied  by  the  feed-back  amplifier.  This  unbalanced  voltage  repre¬ 
sented  the  distortion  caused  by  the  amplifier  and  the  signal  level 
generated  by  the  ac  filament  supply,  hence  a  pre-distortion  of 
the  grid  wave  form  was  accomplished  by  applying  this  reference 
level  to  the  dc  bias  lead  of  the  power  amplifier  circuit. 

(e)  The  Power  Supply  for  the  300-Kw  Amplifier. 

(1)  High  Voltage  Rectifiers.  A  study  of  the  state  of  the 
art  for  solid  state  rectifiers  was  made;  however,  the  system 
selected  employed  two  rectifier  units  utilizing  type  857-B  mer¬ 
cury  vapor  rectifier  tubes. 

Each  rectifier  unit  was  rated  at  9-kv  and  were  connected  in 
series  for  a  total  output  of  18-kv.  The  primary  of  the  second 
9-kv  rectifier  unit  was  connected  in  a  delta  configuration  for 
all  modes  of  operation.  The  primary  of  the  first  9-kv  rectifier 
was  connected  either  in  wye  or  in  delta,  thus  the  system  allowed 
the  voltage  to  be  turned  on  at  the  relatively  low  level  of  approxi¬ 
mately  5-kv. 
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With  the  use  of  the  plate  regulator  that  adjusts  both  of  the 
rectifiers,  the  voltage  could  be  moved  smoothly  from  the  5-kv 
reference  to  7-kv,  then  switched  from  wye  to  delta  to  increase 
the  voltage  from  7  to  10-kv.  The  second  rectifier  was  applied  at 
a  7-kv  reference  at  at  5-kv  on  the  first  rectifier  for  a  total  of 
12-kv;  then  the  voltage  could  be  increased  to  the  level  of  20-kv. 

Since  mercury  vapor  tubes  were  employed,  the  air  system  had  to 
provide  heat  when  the  temperature  dropped  below  35C  on  the  mercury 
condensation  point  of  the  tubes.  This  was  accomplished  by  sup¬ 
plying  cabinet  heaters  so  that  the  air  flow  passed  over  the  heaters, 
raising  the  thermostatically  controlled  temperature  of  the  air  to 
the  proper  level.  No  air  conditioning  was  required  since  the 
tubes  were  operating  in  a  mode  that  allowed  temperatures  at  the 
sites  of  operation  to  have  a  value  in  excess  of  the  ambient 
temperatures  required  by  the  specification  for  this  transmitter. 

The  physical  arrangement  of  this  rectifier  comprised  a  cabinet 
for  each  of  the  9-kv  rectifiers,  a  filter  rack  and  grounding 
switch  arrangement,  the  plate  regulator,  the  plate  transformers 
and  the  plate  choke. 

Each  of  the  main  rectifier  cubicles  contained  a  spare  type 
857-B  rectifier  tube  and  auxiliary  items. 

The  filter-capacitor  and  grounding- switch  rack  contained  the 
limiting  resistors,  the  stop-start  capacitor  charging  arrangement, 
the  thyrifce  protection  for  the  power  amplifier  filter  choke  and 
auxiliary  items. 

The  six  plate  transformers  and  one  plate  choke  are  mounted 
outside  the  main  transmitter  equipment. 
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(2)  Crowbar  Protective  Circuit.  The  RCA  engineers  recommend¬ 
ed  that  a  very  high  speed  electronic  crowbar  protective  device  be 
employed  in  the  B/  service  to  the  type  6949  power  amplifier  tube. 
The  state  of  the  art  at  the  onset  of  this  development  indicated 
that  a  thyratron  crowbar  would  be  the  most  economical  and  relia¬ 
ble  approach.  Continental  Electronics  had  proven  successfully 
that,  at  15-kv  dc  operation  with  proper  control  of  peak  currents 
and  voltages,  a  good  high  speed  crowbar  could  be  developed. 

During  the  installation  phases  at  Woodbridge,  Virginia,  a 
problem  was  encountered  with  the  crowbar  circuit.  A  different 
manufacturer  could  not  build  thyratrons  having  the  hold-off 
characteristics  of  the  Machlett  405-B  thyratron. 

(3)  Power  Amplifier  Bias  Power  Supply.  A  conventional  un¬ 
regulated  bias  supply  was  designed  for  use  with  the  power  ampli¬ 
fier  stage.  This  supply,  when  originally  designed,  was  controlled 
only  by  taps  on  the  main  plate  transformer.  During  the  develop¬ 
ment  of  the  equipment,  a  Variac  was  installed  to  adjust  the  bias 
voltage  from  zero  to  approximately  350-volt s-negative  to  provide 
an  exact  operating  load  line  for  the  power  amplifier  tube.  A 
double  " L"  section  filter  was  employed  on  the  supply  to  ensure 
a  negligible  hum  component  output. 

(f)  The  Control  Circuit.  The  proper  control  voltage  (48  volts 
dc)  and  the  method  of  properly  interlocking  the  voltages  in  ex¬ 
cess  of  either  50-vdc  or  115-vac  were  the  subject  of  many  hours 
of  discussion  before  the  control  circuit  was  finalized.  A  48- 
volt  dc  control  bus  was  employed  for  interlocking  and  contactor 
operation.  A  nominal  440-volts  was  selected  for  a  primary  ac 
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voltage.  Each  major  control  branch  had  a  460-volt  distribution 
circuit  breaker  followed  by  a  48-volt  dc  operated  contactor.  The 
contactors  of  these  distribution  systems  were  interlocked  for  the 
proper  sequence  of  operation. 

(g)  The  Key  Interlock  System.  A  Kirk-key  interlock  system 
was  designed  to  ensure  maximum  safety.  This  Kirk-key  system  will 
allow  access  to  areas  where  the  exposed  voltages  are  not  in  ex¬ 
cess  of  the  specifications  of  the  contract.  There  are  lethally 
dangerous  voltages  in  these  areas  which  are  exposed  if  protective 
covers  are  removed. 

Basically,  the  system  is  divided  into  two  sets  of  keys,  those 
for  opening  doors  with  only  the  high  voltage  and  bias  removed  for 
such  operations  as  checking  the  filament  voltages  and  currents, 
and  those  for  opening  doors  with  all  voltages  removed,  allowing 
access  through  any  of  the  doors. 

The  operating  nerve  center  for  the  control  circuits  is  the 
front  panel  of  the  control  unit  itself,  located  to  the  left  of  the 
power  amplifier  unit.  The  front  door  of  the  control  unit  is  not 
interlocked  with  any  of  the  other  equipment;  therefore,  the  door 
can  be  opened  for  examination  of  such  equipment  as  relays  and 
servo  amplifiers, 

(h)  The  Servo  Tuning  System.  Many  servo  systems  were  dis¬ 
cussed  and  considered.  A  general  philosophy  in  the  original  con¬ 
cept  of  manufacuring  this  transmitter  was  to  follow  the  techniques 
employed  in  the  7\n/FRT-22,  which  used  a  servo  system  of  inter¬ 
locked  relays  to  drive  the  motors. 
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The  300-kw  amplifier  employed  heavy  loads  which  required  ex¬ 
tremely  large  motors.  A  one-tenth  horse  power  motor  was  selected 
to  drive  each  of  the  tuning  elements  of  the  300-kw  equipment.  It 
was  thought  necessary  to  employ  a  method  of  proportional  control 
to  the  servo  system  in  order  to  meet  the  specification  of  tuning 
from  one  end  of  the  band  to  the  other  in  a  minimium  of  two  minutes. 
The  load  current  of  the  dc  motors  necessitated  paralleling  thyra- 
trons  for  proper  power  to  drive  the  motor.  The  major  obstacle  in 
such  a  system  was  to  reduce  the  "motor-boating"  which  v/as  due  to 
the  interactions  of  the  thyratrons  upon  each  other. 

This  system  was  finally  discarded  for  a  system  using  inter¬ 
locked  relays.  The  servo  system,  therefore,  was  operated  by  a 
very  simple  ac  reference  for  on-off  control  of  either  the  "raise" 
or  "lower"  relay. 

It  was  found  necessary,  during  some  of  the  high-voltage,  high- 
power  operation  of  the  transmitter,  to  de-sensitize  the  sensitive 
relay  that  selected  the  "raise"  or  "lower"  control  relay  of  the 
servo  amplifier.  This  was  accomplished  by  employing  semiconduc¬ 
tors  to  remove  "hash,"  eliminating  servo  motor  hunting. 

(i)  The  300-kw  Dummy  Load.  The  300-kw  dummy  load  was  origi¬ 
nally  conceived  to  be  a  device  capable  of  selecting  any  of  the 
combinations  of  2  to  1  vswr  over  the  nominal  output  impedance  of 
the  transmitter.  The  evolution  of  the  output  impedance  of  the 
transmitter  has  been  discussed  in  a  previous  part  of  this  report. 
Basically  the  work  started  for  dummy  loads,  simultaneous  with 
the  work  started  for  the  300-kv/  power  amplifier,  was  not  all 
directly  applicable  to  the  final  selection  of  transmission  line 
impedances. 
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The  original  concept  of  the  dummy  load  was  that  of  a  lossy 

transmission  line  of  balanced  conductors.  The  nominal  impedance 
I 

of  the  lines  was  to  be  200-ohms  balanced.  An  individually  tuned 
balanced  network  was  designed,  installed  and  power  tested  to  pro¬ 
vide  a  method  of  tuning  the  balanced  200-ohm  load  over  the  2  to  1 
vswr  range  of  a  600-ohm  nominal  impedance  device. 

Some  of  the  original  design  concepts  of  the  dummy  load  were 
necessarily  deleted  as  the  balanced  600-ohm  nominal  impedance  out¬ 
put  was  reduced  first  to  440-ohms  possibly,  then  to  300-ohms 
balanced,  and  finally  to  75-ohms  single  ended,  then  50-ohms  single 
ended.  The  balanced  "L"  networks  were  removed  and  the  loads  were 
paralleled  in  an  attempt  to  use  it  as  a  50-ohm  nominal  impedance 
dummy  load.  Since  the  basic  concept  of  such  a  load  is  a  dissipa¬ 
tion  type  transmission  line,  it  was  found  that  certain  hot  spots 
I  would  occur  with  extreme  heating  and  voltage  breakdown  problems 

being  encountered  while  operating  on  different  frequencies. 

When  tests  indicated  that  the  first  concept  of  a  powdered  iron 
dummy  load  would  be  unsuccessful  in  a  broadband  application,  a 
new  effort  was  started  employing  Corning  glass  resistors.  A 
36-inch  length  of  double  tough  pyrex  tubing  six  inches  in  dia¬ 
meter  was  coated  with  a  carbon  film  and  silvered  at  each  end. 

Water  was  spiraled  through  the  resistor  to  scrub  the  surface 
of  the  carbon  film  resistance  material  to  prevent  any  spot-heating 
of  the  resistive  element.  Two  resistors  were  employed  in  the 
dummy  load,  each  resistor  being  100-ohms  to  ground;  therefore, 
the  load  is  usable  as  a  200-ohm  balanced  load,  or  a  parallel 
arrangement  could  be  incorporated  to  supply  a  50-ohm  nominal 

) 
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impedance.  There  was  no  change  in  dummy  load  cooling  equipment 
in  converting  from  the  powdered  iron  distributed  load  to  the 
Corning  glass  film  resistor  type  load.  The  Corning  glass  load 
required  100-gallons  per  minute  of  cooling  water  flow. 

(j)  The  Vlater  Cooling  System.  Selection  of  a  water  cooled 
power  amplifier  tube  made  a  water  cooling  system  for  the  300- 
kw  hf  amplifier  necessary.  The  original  interpretation  of  the 
specifications  stipulated  that  rather  large  cooling  room  equip¬ 
ment  would  be  required  if  the  122F  capabilities  had  to  be  main¬ 
tained  at  an  altitude  of  10,000  feet.  After  a  thorough  investi¬ 
gation  by  Signal  Corps  representatives  and  Continental  Electronics, 
the  maximum  temperature  at  the  10,000  foot  level  was  compromised. 

With  the  maximum  temperature  established,  a  radiator  approxi¬ 
mately  16-feet  long  and  8-feet  high  was  designed  comprising  three 
units.  The  two  radiators  were  cooled  by  two  thermostatically  con¬ 
trolled  fans.  One  fan  was  put  into  operation  when  the  water  tem¬ 
perature  reached  a  certain  level  and  both  fans  were  put  into 
operation  when  the  water  temperature  increased  to  a  level  above 
that  which  was  necessary  to  maintain  a  water  temperature  below 
158F  at  the  output  of  the  power  amplifier  tube. 

The  transmitting  equipment  was  developed  in  the  Continental 
Electronics  Dallas  plant.  Existing  water  cooling  coils  were  used 
during  plant  tests;  therefore,  it  was  not  until  the  installation 
of  this  equipment  at  Woodbridge,  Virginia  that  the  bulkiness  of 
the  radiators  became  apparent.  Due  to  its  physical  size,  a 
radiator  16-feet  long,  42-inches  wide  and  1-foot  deep  is  im¬ 
practical  for  installation  and  handling  by  men.  A  more  practical 
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physical  size  could  have  been  employed  without  sacrifice  in 
cooling  capability  by  using  six  radiators  in  two  banks  of  cool¬ 
ing  coils  8  by  8  feet  each.  A  direct  comparison  of  the  cost  of 
the  two  systems  was  not  made,  but  it  was  thought  that  the  savings 
in  the  problems  of  shipping  and  handling  merited  the  reduction  of 
the  size  of  the  radiators. 

From  past  experience,  it  was  necessary  to  employ  a  1500-gallon 
water  storage  tank.  This  would  allow  approximately  15  minutes  of 
pumping  before  actual  water  loss  would  affect  the  power  amplifier 
circuit . 

The  problem  of  freezing  water  bursting  radiator  coils  and  other 
associated  equipment  was  given  particular  attention.  The  instal¬ 
lation  group  of  the  Signal  Corps  designed  a  water  cooling  room 
that  employed  the  available  room  temperature  to  heat  the  coils. 

It  was  their  design  that  included  motor  operated  sliding  garage 
doors  to  keep  the  cold  air  out  until  the  radiator  temperature 
reached  a  satisfactory  level.  Inhere  building  heat  is  used  to 
maintain  the  cooling  coils  above  freezing,  it  is  most  imperative 
that  the  building  heat  be  maintained  throughout  subfreezing  tem¬ 
peratures.  Some  of  the  water  cooling  coils  burst  during  an  out¬ 
age  of  the  steam  heat  wiiich  was  available  in  the  pump  room  after 
the  installation  of  the  equipment.  Electrical  space  heaters  were 
employed  over  the  face  of  the  radiators  at  this  time  to  help 
maintain  the  temperature  above  freezing  in  case  of  steam  failure. 

Experiments  with  the  use  of  ethylene-glycol  as  a  coolant  with 
anti-freeze  capability  for  similar  tubes  have  been  conducted  since 
that  time  on  other  applications  of  similar  amplifiers.  These 
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experiments  have  not  been  conducted  on  the  300-kw  transmitting 
equipment  to  date,  but  should  be  concluded  within  the  next  winter 
or  tv\ro.  It  is  thought  that  only  a  slight  reduction  in  the  capa¬ 
bilities  of  the  equipment  will  have  to  be  made  to  use  ethylene¬ 
glycol  as  a  coolant.  It  should  be  pointed  out  that  the  use  of 
ethylene-glycol  does  not  preclude  maintaining  the  cooling  room  at 
a  proper  maintenance  and  operating  temperature  level  of  personnel. 

1.4  The  40-Kw  Alternate  Amplifier 

(a)  The  Power  Amplifier  Modifications.  In  lieu  of  the  push- 
pull  stage  employing  six  Eimac  type  3X2500  tubes,  a  single  type 
ML6427  triode  tube  was  chosen.  The  primary  objective  here  was  to 
eliminate  the  complexities  of  paralleling  resonances  by  employing 
a  single  tube. 

The  original  amplifier  was  designed  with  push-pull  input  and 
push-pull  output.  The  new  circuit  configuration  was  a  balun  for 
use  on  balanced  input  characteristics,  but  a  single  ended  output 
was  employed.  The  input  balun  was  of  the  parallel  transmission 
line  design.  No  tuning  or  changing  was  required  throughout  the 
complete  operating  spectrum.  The  balun  was  fed  directly  from  the 
modified  AN/FRT-26  section  of  the  modified  AN/FRT-22  equipment. 

The  single  ended  portion  of  the  balun  was  directly  coupled  to 
the  cathode  coil  of  the  type  ML6427  power  amplifier  tube.  The 
cathode  coil  was  anti-resonated  by  two  variable  Jennings  vacuum- 
capacitors  that  were  mechanically  ganged  to  the  sliding  arrange¬ 
ment  of  the  cathode  coil.  In  this  manner,  the  input  circuit  was 
always  resonated  for  a  pure  resistance  terminating  the  balun  de¬ 
vice.  The  filament  leads  for  the  ML6427,  which  \^;as  a  directly 
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heated  tube,  were  passed  on  the  outside  of  the  "U"  shaped  con¬ 
ductor  of  the  cathode  coil;  therefore,  the  choking  action  was 
accomplished  by  the  filaments  passing  through  the  cathode  coil 
and  only  a  minimum  of  rf  bypassing  was  required  at  the  bottom  of 
the  parallel  resonant  cathode  circuit. 

The  plate  circuit  of  the  alternate  amplifier  consisted  of  the 
conventional  pi-"L"  arrangement  with  shunt  feed.  The  plate 
blocking  capacitor  was  designed  using  G7  as  a  dielectric  material. 
G7  was  selected  after  a  study  of  the  necessary  paralleling 
arrangement  of  existing  ceramic  capacitors  and  of  the  problems 
involved  in  the  use  of  layer-wound  sheets  of  teflon. 

The  rf  network  of  this  equipment  (after  the  plate  blocking 
capacitor)  comprised  the  pi  and  "L”  configuration  mentioned  pre¬ 
viously,  with  the  three  elements  of  the  pi  and  part  of  the  "L" 
network  capacitor  ganged  together. 

A  single  Jennings  variable-vacuum-capacitor  was  employed  for 
the  plate  to  ground  capacity  of  the  pi  network.  The  output  capac¬ 
ity  of  the  pi  netwrk  and  the  " L"  network  was  composed  of  two 
Jennings  variable-vacuum-capacitors.  The  common  housing  provided 
for  the  plate  capacitor  and  the  loading  capacitors  assured  a  cir¬ 
culating  current  return  path  of  minimum  inductive  length. 

Flemished,  or  spiral  coils  rather  than  conventional  air-wound 
coils  were  chosen  as  the  plate  and  output  inductors.  A  major 
reason  for  such  a  design  was  the  physical  space  required;  that 
is,  the  form  factor  of  these  spiral  coils  could  be  contained  with¬ 
in  the  cabinet  space  available. 

The  B/  was  coupled  to  the  tube  of  the  power  amplifier  stage 
through  a  double  "L"  section  filter  v/hich  removed  all  rf  from  the 
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B/  lead.  It  was  found  necessary  to  provide  some  high  frequency 
loading  of  the  bottom  end  of  the  rf  choke.  This  was  accomplished 
by  tapping  the  Globar  resistor  up  a  few  turns  from  the  bottom  of 
the  choke. 

A  slug  of  powdered  iron  was  used  in  parallel  with  the  lead 
coupling  from  the  plate  of  the  tube  to  the  first  Jennings  capaci¬ 
tor  of  the  output  pi  network.  The  powdered  iron  core  dissipated 
any  high  frequency  energies  and  kept  them  from  being  transmitted 
on  through  the  equipment. 

In  addition  to  these  devices,  a  harmonic  filter  was  placed  in 
the  3-1/8  inch  output  transmission  line.  This  filter  was  of  the 
low  pass  type  and  effectively  attenuated  the  harmonics. 

An  output  vswr  indicator  was  provided  in  the  output  section  of 
the  3-1/8  inch  output  connector  to  indicate  the  type  of  load  into 
which  the  transmitter  was  operating. 

The  air  cooling  system  ot  the  power  amplifier  utilized  a  large 
cabinet  blower  to  pressurize  the  intermediate  area.  The  interme¬ 
diate  area,  then,  was  a  chamber  for  supplying  air  over  the  plate 
of  the  tube.  The  tube  blower  was  of  the  compressor  type  and  drew 
the  air  down  over  the  filament  and  grid  of  the  tube,  over  the 
plate  and  out  through  the  top  of  the  equipment.  This  approxi¬ 
mately  20-kw  of  dissipated  heat  was  ducted  from  the  building. 

This  company  acquired  a  microfilm  set  of  working  prints 
through  the  Signal  Corps  and  manufactured  a  cabinet  for  the 
alternate  amplifier  which  was  exactly  the  same  as  the  original 
amplifier  cabinet.  The  existing  front  and  rear  doors  and  top 
and  side  skins  were  used  from  the  original  equipment. 
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(b)  The  Pov/er  Supply  for  the  40-kv/  Alternate  Ai'.plifier .  The 
original  concept  of  a  power  supply  for  the  40-lcw  alternate  ampli¬ 
fier  v;as  the  existing  pov;er  source.  It  was  found  later  that  the 
necessary  signal  to  distortion  requirement  could  be  met  only  if  a 
higher  potential  was  used.  The  9-kv  potential  required  a  new 
plate  transformer  and  choke  arrangement.  There  were  no  other 
major  modifications  of  the  original  pov/er  cabinet. 

It  was  necessary  to  replace  the  motor  operated  Westinghouse 
circuit  breakers  with  Allis-Chalmers  solenoid  operated  breakers 
in  the  40-kv/  alternate  amplifier.  This  decision  v/as  made  prior 
to  availability  of  VJestinghouse  field  modification  kits  provided 
to  overcome  an  outstanding  problem  associated  v/ith  the  re-cycling 
of  the  motor  operated  circuit  brealcers.  The  Allis-Chalmers 
solenoid  operated  circuit  breakers  replaced  the  circuit  breakers 
in  the  AM/FRT-26  and  the  alternate  amplifier. 

1.5  The  T409/FRC-30  VJestern  Electric  LD-T2  Transmitter  Modifications. 

Throughout  the  300-kw  hf  development,  it  was  necessary  to  add 
only  one  de-Q-ing  device  in  the  t,d-T2.  This  was  where  the  screens 
of  \mplifiers  One,  Two  and  Three  v/ere  fed  with  identical  leads 
without  de-Q-ing  devices  in  the  leads.  The  addition  of  a  small 
resistor  with  v/ire  wound  around  it  as  a  parasitic  choke  was  em¬ 
ployed  to  correct  loss  of  gain  in  this  circuit  at  one  particular 
frequency . 

It  was  not  requested,  nor  were  any  of  the  v/ork  orders  (that 
had  been  established  for  the  Testern  Electric  JjD-T2  Transmitter 
by  the  Signal  Corps)  applied  bv  Continental  Electronics  to  the 
transmitter  used  as  a  driver.  This  did  not  cause  any  major 
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problems,  but  considerable  time  v;as  lost  by  driving  the  .iJVf'RT-26 
through  tvra  single-ended  50-ohm  coax  lines  to  the  input  balun  of 
the  AIT/FRT-26.  This  did  not  provide  a  good  transmission  line 
system  to  combine  the  tvro  amplifiers. 

After  the  equipment  v;as  installed  at  V/oodbridge,  Virginia,  it 
v;as  found  that  a  modification  work  order,  recommended  by  the 
Signal  Corps  vrauld  convert  the  balanced  output  of  the  T,D-T2  to  a 
single-ended  output.  This  single  ended  drive  system  to  tlie 
.'V'VFRT-26  was  a  better  arrangement. 


1.6  Illustrations 
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Figure  7.  Arc  and  SWR  Protective  Device  Z605,  Oblique  View. 
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Figure  13.  SL'iu’niatic  IliaLiram.  S<‘r\-(j  CF)nli'()j  Panel  Z60  3, 
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1  UNLESS  OTHERWISE  DESIGNATED 
ALL  RESISTANCES  ARE  IN  OHMS 

ALL  CAPACITANCES  ARE  IN  MICROMICROFORADS 
ALL  INDUCTANCES  ARE  IN  HENRIES 

2  INDICATES  CONNECTION  TO  DC  TEST  METERING  CIRCUIT 

3  PARASITIC  SUPPRESSORS  (SEE  TEXT) 


Figure  18.  Simplified  Schematic  Diagram, 
RF  Amplifier. 
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Figure  24 


Power  Amplifier  Tube  V501  in  its  Socket  in  the  Grid  Drawer 
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Figure  25.  Power  Amplifier  Tube  Water  Fittings. 
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Power  Amplifier  Tube  V501 


with  Dressing  Installed. 
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i-'iguro  2.1.  [\F  Amplifii'r  Unit,  Front  View,  Door  Open,  Grid  Drawer  Ont 
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Figure  28,  Grid  Drawer,  Disassembled,  .ShowineGrid  Tuning  Servo 

Drive  .System  . 
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Figure  35.  Plate  Tuning  Servo  Driv(,'  Assembly 
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Figure  36.  }^]atc  Shelf,  in  Raised  Position,  Front  View 


LS-Or  R5^.0  C529  C52 


« 

Figure  38.  RF  Amplifier  Unit.  Rear  View,  Door  Open. 
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Figure  39.  F  .Amplil'ie  r  Unit,  l.Dwrr  I.i-ft  Furtiun  dT  Ri'ai-  (^oinija  rtincnt 
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Figure  44.  RF  Amplifier  Unit,  Lower  Side  Panel,  Access  Cover  Open. 
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Figure  46.  Serx-o  l-^ou  (_■  r  Supply  Z506  and  Suz-vu  Aizzplifiu  i-  /.5U7  ,  Oblique  View. 
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Figure  50.  Schematic  Diagram,  Servo  Amplifier  Z507 
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Figure  52.  Feedback  Amplifier  Z501,  Rear  View 


R36I4 

THROUG 

R3623 


oo 


•'C 

S3 


KVD  0  9' 
OO  OO 


•n  o 

_  to 


OD 


s 

X 


K  «  I0K 

e  S9  5° 


_  M  .  N 

^>  0y 

X  kO  X 

?  f  ?  E° 


'^.  "  '  •  ID  ‘  * 

o  ►Jib  o^irrj  -X  o  I  • 


K  «  K><'<  — 


OO  - 

t  «<i>ftf  t 
O  lOX)© 


86 


Figure  55.  Schematic  Diagram,  Servo  Control  Panel  Z502. 
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Figure  61B.  Plate  RF  Voltmeter  Probe  ZSOT,  Shell  R 


C4003 


Figure  6  I  A.  Grid  RF  Voltmeter  Probe  Z503,  Shell  Removed. 
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Figure  66.  Schematic  Diagram,  Grid  Feedback  Probe  Z509. 
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Figure  67.  Schematic  Diagram,  Plate  Feedback  Probe  Z510. 
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Figure  72.  RF  Switch  Position  Indicator  Panel,  Bottom  View 
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Figure  74.  Dummy  Load,  Oblique  View,  Door  Removed 
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Figure  75.  Schematic  Diagram ,  Dummy  Load. 
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Figure  83.  Tuning  Servo  Amplifier  Z2601  through  Z2605  or  Z607 

Rear  View  . 
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Figure  84.  Schematic  Diagram,  Tuning  Servo  Amplifier 
ZZ601  through  Z2605  or  Z607  . 
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Figure  86.  Rectifier  Unit  No.  1.  Front  View,  Door  Open. 
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Figure  107. 
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Figure  107. 

Schcnuilir  Dinurani,  Distribution  Unit. 
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Figure  107. 

Schematic  Diagram,  Distribution  Unit. 
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Figure  109. 


One -Line  Schematic  Diagram 


Power  Distribution  Circuit. 
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Figure  112.  Hydraulic  Schematic  Diagram, 


Water  Cooling  System. 
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Figure  115.  Radio  Trans 
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Figure  129.  40-Kw  RF  Amplifier,  Front  Detail  with  Control  Panel  Open 


178 


T 


'  R2205 

through 

R2208 

" TB220I 

through 

,  TB2205 


TB2207 


P2207 


Figure  131 


i^:T22oi 


or  Supply  Ass( 


1 

1 

I  » ~i 

1 

«■  ii 

1  •  •  1 

1  1 

1  » »  1 

1  jl 

tt&lf 

i  a^C^B 

B%  Vc, 

I 


3 


g] 


1 


K  I  6C6 


R2040 


R2009 


R20I0 


C2002 

R2074 

C200I 

C20I0 

C2009 


TH?nG 


C2008 


UNIT  38 


K3806 


T8380I 


tH 


lit 


K3804 


K38C3 


Figure  138.  10-Kv  Rectifier,  Rear  View,  Dooi's  Open, 


L200I 


FREQUENCY  -  MEGACYCLES 


Figure  142.  Tuning  Chart,  ANTENNA  TUNING  Servo  Control. 


191 


'■REQUENCY  -  MEGACYCLES 


Figure  14  6  .  Ladder  DiaL 
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Figure  151 .  Schcmalic  Diagram,  '1U-' 
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Figure  151 .  Schc>niatic  Diaiii-am,  40-Kw  RF  Amplifier. 
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Figure  154. 


Schematic  Diagram, 


1 0  -  Kv  Rectifier  . 
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Figure  156.  Typical  Equipment  Layout,  Radio  Transmitting  Set 

AN/FRT-33  (XC-1) 


Figure  157.  Typical  T  rench  Layout ,  Radio  T  ransmitting  Set  AN/ FRT- 
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Fi^urG  i.bb>  1  Grinins c  inci  wires ,  kgst  ot  Control  Unit 
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Figure  159.  Trench  Wiring,  Distribution  Unit  to  Main  Trench, 


Figure  160.  Trench  Wiring,  to  Plate  Trans  tcrrr'^'rs . 


Figure  161.  Plate  Regulator,  Rear  Viev/,  Cover  Removed. 
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Figure  162.  Trench  Wiring,  Hv  Transformers 
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Figure  167.  Simplified  Schematic  Diagram  ,  Excitation  Release  Circuit. 
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PRELIMINARY  COLD  MEASUREMENT  DATA  ON  AN/FRT-26 


Cold  measurement  techniques,  employing  spurious  analyzing  equipment, 
indicated  the  following  modifications  to  the  AN/FRT-26  would  be  re¬ 
quired  : 

First  Multiplier  Plate  Tuning 

Change  inductor  to  increase  frequency  range  from  13.25  Me  to  15.15  Me 
Second  Multiplier  Plate  Tuning 

Change  tuning  capacitor,  C517,  to  reduce  sharpness  of  tuning  at  high 
end  of  band.  (An  inductor  modification  should  solve  the  same  problem. 
Driver  Plate  Tuning 

Short  out  the  two  high  frequency  turns  of  network  inductor,  L509, 
and  add  a  fixed  inductor  in  series.  This  would  allow  capacity  tuning 
over  the  range  of  20  Me  to  30.3  Me.  A  high  0  resonanate  circuit  cap¬ 
able  of  causing  a  parasitic  oscillation  was  recorded  at  26  Me. 
Intermediate  Power  Amplifier 

General  clean  up  of  spurious  resonances  by  modifying  neutralizing 


circuits  and  parasitic  suppressors. 


ACTUAL  MODIFICATIONS  TO  AI'I/FRT-26 

Grid  Circuit 

1.  Added  series  inductance  per  CEMC  Dwg.  No.  18982-B  from  C-526 
to  L-509. 

2.  Modified  L-509  by  soldering  1/16"  copper  strap  from  "HOT"  end 
of  coil  around  l-i/8  turns  on  inside  edge  of  existing  coil  per 
CEMC  Dwg.  No.  18981-A.  Added  .032  copper  strap  1"  wide  from  in¬ 
side  end  turn  to  coil  form  end  block  per  CEMC  Dwg.  No.  18975-A. 

3.  Added  low  inductance  lead  from  grid  side  of  C-526  to  "HOT"  side 
of  C-533  per  CEMC  Dwg.  No.  18988-A. 

4.  Replaced  two  leads  from  C-534  to  E-530  and  C-533  to  E-533  with 
low  inductance  leads  of  1"  by  .032  copper  strap  per  CEMC  Dwg. 
No.  18989-A. 

5.  Added  low  inductance  ground  lead  from  C-534  condenser  frame  to 
C-535  condenser  frame  per  CEMC  Dwg.  No.  18990-A. 

6.  Installed  two  parasitic  suppressor  assemblies.  These  replace 

E-545.1  and  E-545.2  single  side  band  coupling  links.  The  assem¬ 
blies  contains  4  No.  31-60  fuse  clamps,  2  1/2"  X  1"  ceramic 

stand-off  and  2  20  ohm  4"  Globar  resistor  with  a  3  turn  coil 

wound  around  each  and  clamped  at  both  ends  per  CEMC  Dwg.  No. 
18974-D. 

Plate  Circuit 

1.  Modified  3X2500  plate  choke. 

2.  Added  400  ohm  8"  Globar  resistor  across  plate  choke. 

3.  Added  sampling  pick  up  per  CEMC  Dwg.  No.  18995-A. 
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PROCEDURE  FOR  MEASURING  HARMONIC  OUTPUT  OF  THE  300 -Kw  HF 

?0\fER  AMPLIFIER 


I.  GENERAL 

The  output  of  the  300-Kw  HF  power  amplifier  is  sampled 
in  the  coaxial  line  between  the  tuning  network  and  the  Corning 
glass  resistor  load  by  a  small  loop.  The  output  from  the  loop 
is  measured  by  an  Empire  NF-105  Field  Strengtli  and  noise  meter. 
Actually,  two  NF-105 's  are  used.  One  covers  the  0.15  to  30.0 
me  range,  and  the  other  tunes  from  20  to  200  mcs.  The  output 
variation  of  the  loop  -  NF-105  system  for  a  fixed  power  level 
in  the  coaxial  line  feeding  the  load  has  been  measured  for  the 
4  -  100  me  frequency  range,  and  is  plotted  in  the  accompanying 
curve.  Thus,  when  the  gain  of  the  NF-105 's  is  set  to  correspond 
to  the  gain  curve,  the  measured  fundamental  and  harmonic  signal 
levels  can  be  corrected  for  the  variations  in  meter  gain  and 
frequency  to  give  an  accurate  measurement  of  relative  funda¬ 
mental  and  harmonic  signal  strengths. 

II .  CALIBRATION  AND  MEASUREMENT  PROCEDURE 

A.  For  the  case  where  the  fundamental  and  harm.onic  frequencies 
fall  within  the  range  of  one  tuning  head. 

1.  Carefully  tune  the  NF-105  for  maximum  meter  reading  at 
the  fundamental  frequency. 

2.  Adjust  the  IF  gain  and  input  attenuator  for  a  comljincd 
reading  near  100  db.  Using  this  as  a  reference  level, 
the  harmonic  levels  can  then  be  measured  and  recorded  in 
db.  The  method  of  correcting  for  the  variation  of  gain 
with  frequency  will  bo  outlined  in  Part  III. 

NOTE:  It  is  suggested  that  the  input  attenuator  on  only 

one  of  the  NF-105  basic  units  be  used  with  Ijoth 
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tuning  'ricads  so  tliat  an  additional  error  due  to 
di  sG.i-'.’ilarities  in  the  two  attenuators  v/iil  noe 
enist.  In.  fnc  set-up  for  tliis  tost,  the  attenuator 
in  th.o  serial  ho.  153  unit  will  be  used. 

Ti’.erf.'  is  one  o::ce:  tion  to  tlio  a'oov'c  stato- 
non..:.  In  the  20,  sO,  GO  and  JO  db  rangos  of  the 
in;,ut  attenuator,  0,  20,  40  and  60  db  of  attenu¬ 
ation  respectively  is  switched  in  series  with  the 
input  load  to  th.o  tuning  head  in  use,  wliilc  the 
meter  gain  remains  constant  at  25  volts  full  scale. 
However,  t'ae  meter  gain  is  increased  to  2.5  volts 
full  scale  in  t'ne  0  d'l  p'osition  of  the  attenuator, 
and  there  remain.s  tero  d;  of  attenuation  in  the 
.un.ing  liead  in;,ut  joad.  Th.is  mah.os  it  necessary 
to  sv;itc'n  fnc  attenuator  of  the  serial  .‘.'o.  33J 
unit  to  the  sero  d;;  ;-osition  '.,'hen  fnis  sensitivity 
ra.nge  is  desired  for  tiie  20  to  200  me  ;,ea.d.  Tlio 
attc;ruator  on  ho.  153  can  be  at  cith.cr  0  or  20  dl, 
in  this  case  since  ti'.ero  is  soro  di  of  rf  attenu¬ 
ation  at  either  sotting.  Tiie  o;;crator  must  be  care¬ 
ful  to  reset  tlic  ho.  330  attonuacor  to  20  d’,.  when 
ti’.is  range  or  higher  attenuation  ranger:  nre  re- 
eu iroJ. 


ca:;e  wi-iere  ciie  fundamental  frecruenc-,-  fails  beio'..  20 
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relative  gain  over  the  4  to  100  me  range  corresponds  to 
the  accompanying  gain  curve. 

2.  The  impulse  generator  in  the  serial  No.  338  unit  is  used 

as  a  transfer  standard  to  set  the  relative  gain  of  the 
two  units  to  the  same  value.  Measurements  with  a  fixed 
output  power  30  me  cw  signal  as  a  voltage  standard  show 
that  when  the  No.  330  unit  is  set  to  have  2  db  more  out¬ 
put  at  30  me  than  the  No.  153  unit  with  the  same  input 

(this  corresponds  to  the  gain  curve) ,  the  No.  338  unit 
has  20  db  more  output  than  the  No.  153  unit  when  the  im¬ 
pulse  generator  is  used  as  a  signal  source.  Due  to  the 
much  greater  bandwidth  of  the  20  -  200  me  tuning  head,  a 
proportionally  greater  amount  of  impulse  generator  out¬ 
put  power  is  transmitted  through  this  head  than  through 
the  0.15  to  30,0  me  head. 

3.  Tune  in  the  fundamental  signal  on  the  0; 15  to  30.0  me 

head.  Adjust  the  attenuator  and  IF  gain  for  a  reference 
signal  between  90  and  100  db  with  the  meter  switch  in  the 

carrier  position.  Do  not  touch  the  IF  gain  control  after 

this  step. 

4.  Switch  both  meters  to  peak  position. 

5.  Connect  the  impulse  generator  to  the  signal  input 
(attenuator  input)  terminal  and  turn  impulse  operator  on. 

6.  Tune  both  heads  to  30  me. 

7.  With  the  impulse  generator  attenuator  in  the  90  db 
position,  adjust  the  signal  input  attenuator  and  the 
impulse  generator  output  control  to  a  convenient  reading 


Procedure  for  measuring  Harmonic  Output 
of  the  300  TD^i.ior  Amplifier 
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on  the  serial  No.  153  meter  (the  suggested  signal  input 
attenuator  sotting  is  40  db) . 

8.  Connect  the  attenuator  output  lead  to  the  20  -  200  me 
head,  and  set  the  input  attenuator  20  db  higher  than 
step  7 . 

9.  Adjust  the  serial  No.  338  IF  gain  control  for  a  meter 
reading  which  is  the  same  as  that  of  part  7. 

10.  Both  NF-105's  are  now  calibrated  so  they  will  track  with 
the  accompanying  gain  curve.  Return  the  meter  switches 
to  the  carrier  position,  and  turn  off  the  impulse  genera¬ 
tor  to  prolong  the  life  of  the  generator  contacts. 

11.  Fundamental  and  harmonic  levels  can  then  be  made  on  tlie 
appropriate  head,  recorded  in  db,  and  corrections  made 
using  the  procedure  outlined  in  Part  III. 

III.  CORRECTIONS  FOR  GAIN  VARIATION  WITH  FREQUENCY 

A.  From  the  curve,  find  the  gain  figures  corresponding  to  the 

fundamental  and  the  harmonic  frequency. 

B.  Subtract  the  fundamental  gain  from  the  harmonic  gain. 

C.  Subtract  the  result  of  B  from  the  harmonic  signal  level. 

This  is  the  corrected,  measured  level  of  the  harmonic. 

D.  To  level  of  the  harmonic  in  db  below  the  fundamental  level. 


subtract  C  from  B. 


SIMPLIFIED  HARMONIC  ANALYSIS,  300-Kw  HF 


FINAL  ACCEPTANCE  TESTS 
SAMPLE  SHEETS,  HARMONIC  DATA 


This  data  includes  all  meter  readings,  dial  settings  and 
signal-to-noise  data  at  3  db  points. 
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REFERENCE  DATA  ON  LOOP  BALUNS 


A  Signal  Corps  Contract  No.  DA-36-039  SC-64486  to  Developmental 
Engineering  Corporation  on  the  subject  of  Reliable  High-Frequency 
Communications,  Report  No.  3-P-5,  5th  Progress  Report,  Period  Cover¬ 
ed  1  April  1956  through  31  July  1956,  is  referenced  as  design  cri¬ 
teria  for  manufacturing  CEMC ' s  loop  balun. 


LOAD  LINE  CALCULATIONS 


RCA  6949 

(Graphical  Analysis) 


iUOCK 


10 

PLATE  kilovolts  (Eb^ 


Peak  RF  Plate  Voltage 


600  kw  Peak  300  kw  Ave. 

(for  Ref.  Only)  (2  Tone  SSB) 


DC  Plate  Voltage  E. 

DC  Bias  Voltage  Eq 

Peak  RF  Plate  Voltage 

Peak  RF  Plate  Current  ipj^^x 

Peak  Fundamental  RF 

Plate  Current  I 

DC  Plate  Current  I, 

b 

Plate  Resistance  Rp 
Plate  Power  Output  Pq 

Plate  Power  Input  Pj^ 

Plate  Efficiency  N 
Plate  Dissipation  Pp 

Grid  Current 

Peak  RF  Grid  Current  igmax 
Peak  RF  Grid  Voltage  Egj^^x 
Grid  Power  P 
Grid  Resistance  R„ 

Swamping  Resistance  R 
Driving  Power 


18 

kv 

18  kv 

-230 

V 

-230  v 

14 

kv 

14  kv 

160 

A 

160  A 

85, 

,8  A 

85.8  A 

52, 

,5  A 

33.3  A 

(meter  reading) 

165 

ohm 

165  ohm 

600 

kw 

300  kw 

(meter  reading) 

945 

kw 

600  kw 

63, 

,5% 

50% 

345 

kw 

300  kw 

(meter  reading) 

472 

MA 

300  MA 

(meter  reading) 

3 

A 

3  A 

1830 

V 

1830  V 

860 

w 

430  w 

1950 

ohms 

1950  ohms 

50 

ohms (nom . ) 

50  ohms(nomina 

30 

kw( nominal ) 

15  kw (nominal) 

no  AMPtncs 
Ate  AMPCaCi 


INPUT  LOAD  DATA  VERIFYING  CHANGE  FROM  50  OHM  SWAMPING  RESISTOR  TO 
75  OHM  SWAMPING  RESISTOR. 

Bridge  measurements  were  made  on  input  circuit  of  the  300  KW  HF 
amplifier  when  tuned  to  16  Me.  The  input  impedance  measured  pure 
resistance  at  a  value  of  210-ohms.  At  either  side  of  resonance, 
the  impedance  value  would  fall  off  sharply.  The  input  transmission 
line  was  disconnected  and  bridge  measurements  made  looking  toward 
the  50-ohm  swamping  resistor  from  the  drawer  terminal.  The  input 
impedance  measured  39-jl8.  This  series  impedance  connects  directly 
to  the  parallel  equivalent  impedance  of  47-jl03.  Theoretically, 
when  the  drawer  and  swamping  resistor  circuits  are  parallelled,  the 
net  series  impedance  becomes  33.5-jl2.5.  Under  these  conditions, 
this  is  the  load  that  the  alternate  amplifier  is  working  into  when 
the  grid  is  tuned  to  resonance.  By  off  tuning  the  grid  circuit, 
the  impedance  can  be  made  38.3/jO. 

Conclusion 

1.  Swamping  resistor  load  circuit  does  not  affect  the  drawer  volt¬ 
age  transformation  ratio. 

2.  If  the  swamping  resistor  load  was  good,  the  input  impedance 
would  be  correct. 

3.  Two  of  the  Corning  glass  resistors,  300-ohms  each,  would  have 
to  be  removed  leaving  four  of  the  300-ohm  resistors  in  the 
circuit  for  a  total  of  75-ohms. 
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PARASITIC  SUPPFUSSION 

operating  on  a  frequency  of  8  me,  a  parasitic  oscillation 
existed  on  72  me.  To  squelch  the  72  me  energy,  three  devices 
were  employed. 

1.  Unused  turns  shorting  device  for  grid  inductor. 

2.  Series  resistors  with  the  grid  connections  of  the  tubes. 

3.  De-Q-ing  of  return  path  for  Jennings  vacuum  capacitors 
used  from  grid  to  ground  for  input  padding. 

Shorting  of  unused  portion  of  grid  inductors  - 

Shorting  devices  were  installed  to  dc-Q  back  turn  resonances 
of  the  grid  inductors  at  1/2  turn,  1  turn  and  1-1/2  turns 
from  the  main  current  carrying  contact. 

Grid  connector  de-Q-ing  - 

1  ohm  of  a  combination  of  2  watt  resistors  was  inserted  in 
the  grid  connector  to  the  power  amplii...u,  tube.  This  value 
seemed  adequate  to  de-Q  the  parasitic  circuit.  The  prob¬ 
lem  became  -  how  to  get  1  ohm  of  resistance  in  the  circuit 
of  72  me  with  no  appreciable  resistance  at  30  me  and  lov;er 
frequencies . 

Experiment 

One  of  the  grid  connector  leads  was  removed  from  the 
transmitting  equipment  and  a  No.  8  bare  copper  wire 
was  soldered  to  the  lead  on  a  3/8"  pitch  spread  for 
3"  of  the  lead.  The  copper  wire  was  coated  with  a 
powdered  iron  resistive  material  bonded  with  talc 
and  DC  2105  flush  with  the  copper  wire. 
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Bridge 

Dial 

Corrected 

Freq. 

Z 

0 

0 

R/jX 

(me) 

(ohms) 

(Degrees) 

(Degrees) 

(ohms) 

100 

26.0 

89 

89.0 

.44  /j25.9 

90 

22.5 

99 

89 

.39  /j22.4 

80 

19.5 

111 

88 

.4  /jl9.4 

70 

16.5 

128 

89.5 

.165/jl6.4 

60 

14.0 

148 

88.8 

.29  /jl3.9 

The  powdered  iron  material  was  increased  from  3"  to  6"  of  No.  8  wire 
on  3/8"  pitch.  This  powdered  iron  was  bonded  without  talc. 


Bridge 

Dial 

Corrected 

Freq. 

Z 

0 

0 

R/jX 

(me) 

(ohms) 

(Degrees) 

(Degrees) 

(ohms) 

100 

26.5 

88 

88.0 

.92/j26.4 

90 

23.0 

98 

88.2 

.72/j22.9 

80 

20.0 

110 

88.0 

.7  /jl9.9 

70 

17.0 

125 

87.5 

.74/il6.9 

60 

14.7 

145 

87.0 

.77/jl4.5 

53 

12.7 

164 

87.0 

.67/jl2.5 

Highest  obtainable  resistance  value 

Both  grid  connecting  leads  covered  with  above  amount  of  powdered 
iron  and  power  tests  of  the  transmitter  indicated  no  parasitic 
oscillation . 

De-Q-inq  of  return  path  for  padding  capacitors 

Further  power  tests  under  driven  conditions  indicated  that  72  me 
parasitic  oscillation  was  still  present.  Voltage  arcs  around  "HOT" 
end  of  Jennings  capacitors  indicated  that  these  devices  were  in  the 
oscillatory  circuit. 

Experiment  One 

One  of  the  Jennings  capacitors  was  placed  in  a  configuration 
simulating  its  actual  position  in  the  equipment.  A  slug  of 
powdered  iron  bonded  with  "Q"  dope,  approximately  1/4  inch 
tliick,  1  inch  wide  and  2  inches  long,  was  placed  in  series 
with  the  "HOT"  lead  of  the  capacitor.  The  following  data 


were  recorded: 
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Bridge  Dial 

Corrected 

Freq . 

Z 

e 

e 

R/jX 

(me) 

(ohms) 

(Degrees) 

(Degrees) 

(ohms; 

100 

4.1 

79 

79..  0 

.78/j4 

90 

2.0 

40 

36.0 

80 

3.5 

98 

-78.5 

.7  -j3. 

70 

7.7 

-121 

-84.6 

.75-j7. 

60 

12.5 

-145 

-87.0 

.65-jl2 

53 

16.5 

-165 

-87.5 

.72-jl6 

The  powdered  iron  slug 

was  replaced 

with  copper  plate 

and  the 

following  data 

were  recorded: 

Bridge  Dial 

Corrected 

Freq. 

Z 

6 

e 

R/jX 

(me) 

(ohms) 

(Degrees) 

(Degrees) 

(ohms) 

100 

3.7 

88 

88.0 

.129 

90 

2.0 

88 

88.0 

80 

3.2 

-107 

-86.5 

.195 

70 

7.2 

-125 

-87.5 

.314 

60 

11.8 

-148 

-88.8 

.242 

53 

15.5 

-168 

-89.1 

.155 

The  powdered  iron  increased  the  resistance  at  72  me. 

Experiment  Two 

Five  dovetail  1/4"  grooves  were  cut  in  the  end  of  the  capacitor 
mounting  arrangements  of  the  transmitter.  The  grooves  were 


filled  with  powdered  iron  bonded  with  "Q"  dope. 


Bridge  Dial 

Corrected 

Freq. 

Z 

e 

0 

R/jX 

(me) 

(ohms) 

(Degrees) 

(Degrees) 

(Ohms) 

100 

14.0 

87 

87.0 

.73  /jl3,9 

90 

9.8 

96 

86.3 

.633/j9.7 

80 

5.4 

105 

84.0 

.565/j5.3 

70 

2.0 

80 
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The  powdered  iron  material  was  removed  from  the  grooves  and  the 
following  data  were  recorded: 
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Conclusion 


It  is  noted  that  the  resistance  measurements  are  increased  for  the 
70  me  and  higher  frequencies. 

FINAL  CONCLUSION 

The  power  tests  proved  that  the  three  methods  of  solving  the  72  me 
parasitic  oscillation  are  required  for  successful  operation  of  the 
transmitting  equipment. 


DATA  SHEET 


SERI  AL  NR. 


ORDER  NR. 


EQUIPMENT 

300  Kw  HF  Dummy  Load 


MANUFACTURER 

CEMC  da- 


type  OF  TEST 

Vswr  Measurements  thru  44  feet  of  6-1/8  line 


MODEL  ((.g.  Priprodiict  Ion) 

Experimental 


SPECI  FICATION  NR. 


DA-B6-039  SC  64441  SCL  1517 


SPECI FICATION  PARAGRAPH 


DATE 

1-24-58 


Freq. 

me 

Z 

ohms 

10. 

55 

11. 

57 

12. 

56 

1 

13. 

53 

f 

149 

15. 

1  45.5 

16. 

43 

17. 

42 

8.5 


3.85 


85 


35 


-10 


-37.51-4.88 


-10 


23 


50 


67.5 


67.5 


9.35 


12.5  2.38 


ohms 


54.2 


57 


53 


50.6 


62 


62 


57.2 


50.8 


44.5 


40.6 


38.2 


38 


39.6 


43.7 


50 


58.2 


ohms 


3.83  1.14 


Norm 

X 

ohms 

VSWR 

Ratio 

.163 

1.18 

.077 

1.16 

9.75  1.18 


3.12  1.24 


83 

1.14 

23 

1.16 

.135  1.24 


1.26 


.25  1.27 


,234  1.28 


,195  1.29 


,062  1.25 


85  1.26 


1.25 


1.26 


1.28 


.765  .765  1.31 


4.17  .760  .083  1.34 


.79  .192  1.38 


.875  .29 


17.7  1.0 


1-16  .34 


1.41 


FMSC  Form 
1  Jul  57 


88  AE 


(Repl«c.»  SCEL-SC  Form  391A  which  U  ob.olete) 


Army-Ft  MonmouBi,  NJ-MON  3020-57 


DATA 

SHEET 

EQUIPMENT 

300  Kw  HF  Dummy  Load 

SERIAL  NR.  1 

MODEL  (e.j.  P  rap  roduct  1  onl 

Experimental 

MANUFACTURER 

CEMC  DA- 

ORDER  NR. 

36-039  SC  64441 

SPECI  FICATIOH  NR. 

SCL  1517 

TYPE  OF  TEST 

Vswr  Measurements  thru  44  feet  of 

■  6-1/8  line 

SPECIFICATION  PARAGRAPH 

REMARKS 


ohms  I  deg . 


ohms  ohms 


10.1  66 


70 


Norm 

X  VSWR 
ohms  Ratio 


11.7  1.32  .234  1.41 


.031  1.43 


1.54 


-7.66  1.32 


55.8  -12.6  1.15 


50.5  -12.6  1.01 


44.1 


42 


1.36 


1.32 


1.29 


1.25 


-  3.9 


"1-24-58 


PAGE  NR. 


SIGNATURE 


FMSC  Form  no  IK 

I  Jul  57  OO  Ac  (RepUcot  SCEL-SC  Form  39IA  wtilch  li  ob*oUt«) 


Amiy-Ft  Monmouth.  NJ-MON  3020-57 


USE  OF  ETHYLENE  GLYCOL  COOLANT 
Corning  Glass  Duituny  Load 

The  use  of  a  60-40  ethylene  glycol  solution  as  a  coolant  in 
the  Corning  glass  ethylene  glycol  film  resistors  has  been 
approved  as  long  as  the  solution  does  not  reach  the  breakdown 
temperature.  Boiling  of  the  coolant  on  the  film  surface  must 
be  prevented  at  all  times. 

RCA  6949  Tube 

Ratings  for  the  use  of  a  60-40  ethylene  glycol-water  miKture 
as  a  coolant  for  this  application  are  as  follows j 
The  recommended  plate  coolant  flow  for  up  to  330  kilowatts  plate 
dissipation  is  95  gallons  per  minute  with  a  minimum  flow  rate  of 
90  gallons  per  minute.  The  maximum  pressure  drop  through  the 
tube  at  a  flow  rate  of  95  gallons  per  minute  will  be  75  pounds 
per  square  inch,  ibe  minimum  coolant  pumping  temperature  is 
0°F  (-18°C) . 

The  recommended  beam  former  coolant  flow  is  11  gallons  per  min¬ 
ute  with  a  minimum  flow  rate  of  9.5  gallons  per  minute.  The 
maximum  pressure  drop  at  a  flow  rate  of  11  gpm  is  22  pounds  per 
square  inch.  The  recommended  minimum  coolant  flow  to  the  grid- 
terminal  connector  is  1.5  gallons  per  minute.  The  maximum  gauge 
pressures  on  the  internal  coolant  courses  are  the  same  as  quoted 


for  water  in  the  6949  bulletin. 
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Identification  of  Key  Technical  Personnel 


JAMKSO.  WKLPON 


l-^rcsenl  silicm: 

As  Presidonl  aiul  Dircclur  <>f  Mr.  V.  (•|{K)n  li.is  dir«H‘lrd  tlic  (‘ni^inrrrin<^  dcsii^n 

and  development  of  most  i»f  the  lui»h  power  t  r;»nsinitl<*rs  which  .tw  now  iti  nst’  l>v  the  Armv,  N.ivv, 
Air  Force,  Ihireau  of  Standards  and  the  Vtdee  of  Amerio.«.  Fndor  his  dirc'Clii'M  llie  ci'inpany  has 
i»ained  a  stronjj  position  in  tiie  fiedd  of  hij>h  pc»wer  <*Iec*t  ronies. 

F rofe s si<»nal  Fxpe rience: 

Mr.  W  eldtin  hecam<‘  ent’aoed  in  radio  <*nt»ineerino  w«*rk  f»»r  hroad(MRt  slatiims  in  I'^27,  .leliiui  .is 
Chief  I'inj.MiU'er  for  s<‘\f‘ral  stations  in  tin*  Fnilod  St.ites. 

l'’rom  l'>3i  to  l‘*12  lie  was  a  ceinsnltini^  engineer  .and  mannf.aet  u  re  r  of  t  r.msmittine  ^•qllipm■•nt  under 
the  name  of  the  V.  eUitui  Knyineerini*  (’omj)anv.  One  of  m.uu  of  his  iirojerls  fin  rinj:  this  pi-riod  was 
the  design,  const  ruction,  and  tlie  placine  in  oper.ation  in  I'Ms.  of  .a  ^no,  (t(U)  wait  {carrier  powa-r)  AM 
liroadcast  statitui,  incorpor.alini:  a  liiuli  fn*quencv  linear  powt-r  amplifier. 


Ciunmencine  in  I9d0,  acting  in  a  ccuisultinj^  capacilv  for  Die  l-'edev.al  Tel  e‘M--p>li  Fornp.inv  (new  .a 
Division  of  the  inie rnalional  'leleplione  .ind  Teli'eraph  (  onip.am)  Mr.  V*eldnn  perfonnerl  Hu- 
complete  electrical  design,  aiu!  assisted  in  th<*  meclianical  de.sieii,  of  .a  -'ll  kih'w.all  .anrl  a  •'  kil'>w’.ill 
hieh  levi'l  plate  modulaliul  t  r.ansmitle  r.  hoth.  nf  whicli  were  sidd  ti»  t  he  >1  :nil>i,a  I  >  roadr.a  st  iiu^ 
Svstem.  They  are  now  in  s<‘rvice  as  Die  New  V«»r[<  (’itv  ke\  slali-'ns  f<!r  lliis  '^vstcun,  Sl.tlion  V.  Cl'S 
at  ( '"luinlii.a  Island,  where  llie  kil>«walt  t  r.insmllti' r  serves  .is  .m  eniervenc'.  sl.anflle.  fm-  il,e 
recular  kilowatt  ooerathui. 

(. 'oni inu  in»j  »*m  a  consul t  in»j  l)asi  s  f** r  llie  Fede r.t  1  I'eleohnn.-  aiul  K -  •<!  i' *  ( ’n  j-p"  rat  'mii .  Mr.  V.  jddon 
desi|L;ne<l  tin*  audio  svstem,  oowi-r  svstem  and  c<>nlr  •!  circuits  fi>r  the  'i''  kilewa'l  shorl-wavf. 
transmitters  \^CIVS  and  V.  CKC.  .-orrilcd  hv  the  ( 1  .miu.i  I ’•r"adc.i  slinv  Svstem  .at  !’•  rent  w  ■  ifl , 

Lonia  Isl.and, 

In  Auyust.  he  wa.s  enip|.'V«.rl  .,s  (’liief  l-.njinei-r  -f  the  I’.urcMu  nf  (  h  .mm  uni  rat  i  on  [''ar  i  1  i  t  i  e  s  , 

(Overseas  iMuanch,  Office  of  V.  a  r  Info  rm.al  i' >n,  aiui  .*  few  ini'nD.s  i.iter  w.as  .appointed  Chief  of  tli.it 

Ihjrc.ie.  In  this  position  he  h.id  conv'lete  cli.inje  At  CiV.  |  ,tf  pu*  ol.annine  for  exp.ansion  of  tlie 

technical  facilities  for  Ini**  rn.it  uial  !’•  r«  .tdc.a  st  :ne  in  the  '■nite<l  ’^l.ites,  and  Die  i  n  si  .a  1 1  at  ion  overseas 
f  a  l.iret*  ne.mh<*r  of  IDeh  oov.ct  iTo.iflc.:  si  iinj  facilities  wh.icl:  were  .seri  to  (Virrv  Ihr-  \h>ice  of 

Atm  - 1  iv'a  !  o  t  he  rest  of  th.e  w  ?•;<;  <i  .  r.:  1  :.e  w  a  r .  i  h.  i  s  :  r  r.-m  :  ‘v  o]  ■  erl  n  a n n  . a  1  [rale  r' I  of  t  o 

>1 1.  I'l'i'.  Ore.  ei'_ 


Tile  expansion  of  short  v.ave  broadcast  facilities  in  this  count  rv  involved  an  increase  from  thirteen 
transmitters  to  a  total  of  tiiirlv-six.  These  transmitters  ranged  in  power  from  “ifl  kilowatts  to  200 
kilowatts,  and  were  operated  on  the  International  short  wave  bands.  In  addition,  approximatelv 
fi'ur  aO  kilosvatt  standard  broadcast  transmitters,  and  two  nO  kilowatt  and  one  100  kilowatt  short 
wave  transmitters,  were  installed  by  the  Uiireau  in  overseas  locations. 

In  .September,  194S,  with  Lester  II.  Carr,  Mr.  Weldon  organized  the  partnership  firm  of  Weldon  and 
Carr,  Consulting  Radio  Engineers,  doing  antenna  design  and  development,  allocation  work,  and  a 
general  practice  before  the  Federal  Communications  Commission,  with  broadcast  station  operators 
and  applicants  as  clients. 

I„-itp  in  10-lfi,  Mr.  V.  eldon  came  to  Pallas,  Texas,  .and  organized  Continental  Electronics 
Manufacturing  Comiiany . 

Other  Activities: 

In  January,  19S-1,  .Mr.  Weldon  was  awarded  a  Fellowship  in  the  Institute  of  Radio  Engineers  f.ir  his 
work  on  high  power  transmitters  and  their  application  to  International  Hroadcasting. 

Ilis  publications  include  tiapers  on  "Very  High  Power  Long  Wave  I'roadrasling  .Station",  (Proceed¬ 
ings  of  the  IRE,  August,  I  IS  I)  and  "  A  iibO  Kilowatt  High  Frequency  Amplifier".  Mr.  Weldon  has 
authored  and  published  many  other  technical  reports  lioth  classified  and  unclassified. 

He  also  holds  the  following  patents: 


2,H-lT,‘i24  Protective  Circuits  -  7/24/SK 
2,  fibs  Amplifiers  -  ‘i/27/a.H 
2,k7l,‘i-|S  !Hgh  \'oltage  Capacitor  -  2/3/S'l 


MARK  W.  RrLLOCK 


I3Sc,  in  I-'lcctrical  l-lngineering 
Univi-rsitv  of  Nebraska,  l‘i34 

Arts  Science  I^egree 
I'riversiiy  of  Nebraska,  1^33 


I'  resent  Position: 

Ml'.  Mullock.  VicM*  President  for  Kni»inre ring .  is  responsible  for  technical  and  administrative 
assistance  on  all  j)r<*jects  underdevelopment  and  during  production, 

I’  rofcs  sional  Pxpe  ri ence: 

I’’r(»m  17M  to  PM7  be  was  Transmitter  Supervisor  ft^r  Radio  Station  KOIL  iii  Omaha,  Nebraska,  lie 
then  Ijceame  Tec1i!iical  l)iiu*clor  for  Radio  Stations  KFAB,  KOIL,  and  KFOR,  Lincoln  and  C^mahn, 
Nebraska  and  held  that  position  from  1V3S  until  l‘FM, 

Mr.  Bullock  uas  employed  by  th(‘  (')fficc  of  War  Information,  Bureau  of  Communication  Faciliti('s, 
from  P’-IZ  to  l‘i-n,  and  during  that  period  designed  and  built  the  modulattu*  and  power  equipment  for 
WLWK,  a  ^0  kilowatt  International  Broadcast  facility  at  Cincinnati,  Ohio. 

In  I'kl-l  hv  returned  as  Ib’chnical  Director  and  Consulting  Fnginrer  t(^  KFAB  where  ,as  a  consultant 
lie  performed  antenna  d<‘sign  work. 

Mr,  Bullock  joined  Ct>iitinenlal  F.lectronics  Mantifacluring  Company  in  I'tSl  as  a  Seni«»r  Fngineer. 
lie  was  pronn»ted  to  Kiigineering  Manager,  F'.arly  in  a  Production  Division  was  establisiied 

in  Dallas  and  lie  was  apjioinled  Manager  of  the  i-'roduction  Division.  In  1960  In-  returned  li)  the  main 
plant  as  N'ice  l^resident  for  Knt;ine<*ring,  his  |)rcsent  position. 

OtiuT  .'Xv'tivities: 


Mis  pn'fession.i!  societv  affiliati«>ns  include  Ann  rican  Institute  of  Kleclriral  i'ingineers,  Texas 
Siicielv  of  IM'ofessioiial  f'.ngineers  and  the  Institute  of  Radio  Kngineors  where  he  is  serving  as  IRf] 
iWi-ecti'r  Del  egati’ -  Fled  for  Regi<in  Six  during  1961  and  1962, 

Mr.  I’ullock  is  a  reu’isterrd  I  Professional  F'ngineer  in  llie  States  of  Nebraska  find  'I'exas  find  holds 
a  Rfidio  I'fl «‘])hone  First  (’Ifiss  License, 

Mr.  Bullock  hold.s  Ihi’  folli>wing  patent: 

Patent  2 ,  7 7-1 ,  -  " l''.l«*cl ritua  1  Fq uipmeiit  Cabinets”  -  r)ecemberlk,  19^6 

I'he  ftrllowine  o.itent  :s  i«»:nt lied  i)V  Mr,  Ibillock  and  Mr  Joseph  Sainton: 

I'atent  -2  b ''  eB  -  “Mod ul.!  1  o r - !\<-eulat o r  ("ire  ;it’  -  Derembrr  22. 


'.v,n.  MiT(;nn:LL 


B.S.  in  Electrical  Engineering 
Texas  Technological  College,  19‘il 


I’resc'Ot  l’i>sition: 

As  Adiiiinist  r.'itivc  Assistant  to  the  Engineering  Manager.  Mr.  .Mitchell  is  resi'onsible  for  technical 
.incl  adniinistr.itive  ,issist;ince  on  jrrojects  under  development. 

1  ’  rofessiona  1  Expe  rience: 

During  .Service  with  the  L’.S.  Kavy  from  19-U)  to  TMT,  Mr.  Mitchell  attended  Basic  Electronics 
School  in  Gre.'it  Lakes,  Illinois  and  the  Aviation  Electronics  Technical  School  at  Corpus  Chrlsti, 
Ih'xas,  After  this,  he  assisted  with  the  construction  of  the  Naval  Training  Center  at  Millington, 
rennessee,  to  accommodate  the  AETM  School  which  was  moved  from  Corpus  Christi.  Mr.  Mitchell 
joined  the  engineering  staff  of  Continental  Eleclri3nics  Manufacturing  Company  in  19S|.  After  the 
development  of  manv  standard  A.M  broadcast  transmitters,  he  was  promoted  to  the  ))osition  of 
I’roject  Engineer.  As  I’roject  Engineer  for  the  VlIF  and  HE  transmitters  develo|)rd  for  the  Signal 
Corps,  Mr,  Mitchell  was  responsible  for  the  development  of  a  100  KW  VMF  amplifier  and  a  fiOO  KW 
\TIE  amplifier  group.  The  HE  equipment  included  modification  of  existing  2  KW  and  90  KW'  equip¬ 
ment  and  the  development  of  a  bOO  KW.  9  to  30  megacycle  amplifier.  In  addition  to  the  development 
of  the  HE  equipment,  he  was  iilso  res))onsible  for  the  supervision  of  the  in st.allation  of  this  equip¬ 
ment  at  its  operating  site,  which  included  adjustm-nt.  test  and  demonstration  of  jjerformance.  The 
HE  equipment  w.is  installed  ;it  the  Department  of  the  Army  Transmitting  Station,  W’oodbridge, 
t'irginia  during  I'tS.S, 

Olh  e  r  .'Xctivit  ies: 

.Mr.  Mitchell  is  a  registered  I  ’  rofessional  Engineer  in  the  Sl.ate  of  Tex.is  .and  a  Senior  Member  of 
the  Institute  of  K.tdio  Engineers. 


D.  li.  Browning 


Electrical  Engineering, 
Southern  Methodist  University- 


Present  Position: 

Development  Engineer.  In  this  capacity  Mr.  Browning  is  presently 
in  charge  of  the  installation  and  testing  of  a  300-Kw  IIF  trans¬ 
mitting  facility  which  is  being  installed  at  Ava,  New  York. 

Professional  Experience: 

Mr.  Browning  was  employed  by  Continental  Electronics  as  a  Student 
Engineer  from  1953  to  1955  while  he  was  attending  college.  During 
this  time  ho  participated  in  the  development  of  a  1-kw  television 
transmitter. 

From  1955  to  1957  he  served  in  the  U.S.  Navy  as  a  Radioman  and  as 
Shipboard  Communications  Center  Supervisor. 

Mr.  Drowning  returned  to  Continental  Electronics  as  a  Student 
Engineer  in  1957.  He  has  participated  in  the  development,  in¬ 
stallation  and  testing  of  the  300-Kw  IIF  Radio  Transmitting  Set 
AN/FRT-33  (XC-1)  which  was  installed  at  V/oodbridge,  Virginia  and 
in  the  installation  and  testing  of  the  300-kw  and  50-kw  VIIF  ampli¬ 
fier  groups  of  Radio  Transmitting  Set  AN/FRT-32  (XC-1)  which  was 
installed  at  Stanford  University  in  California. 


L.  K.  FINDLEY 


Mr.  Findley  attended  the  University  of  Minnesota  College  from  1932 
to  1939,  when  he  graduated  with  a  B.E.E.  Degree.  He  worlced  full 
time  while  attending  college  and  was  employed  by  Radio  Station  KSTP, 
St.  Paul,  Minnesota,  advancing  from  Maintenance  Engineer  to  Chief 
Engineer  between  1932  and  1942.  In  addition,  he  was  employed  as 
Field  Engineer  by  Hector  R.  Shifter,  Consulting  Radio  Engineer,  St. 
Paul,  Minnesota,  from  1939  to  1942. 

From  1942  to  1944  Hr.  Findley  was  employed  by  Columbia  University's 
Airborne  Instruments  Laboratory  (O.S.R.D.  War  Research)  as  Project 
Engineer,  directing  research,  mechanical  and  electrical  design,  and 
production  engineering  on  radio  and  electrical  equipment  with  high 
and  low  power,  and  frequencies  from  .1  cycle  per  second  to  200  mega¬ 
cycles  per  second. 

In  1944,  Mr.  Findley  worked  as  Senior  Engineer  for  J.  H.  Bunnell 
Company,  Brooklyn,  New  York,  developing  a  high  frequency  continuously 
tunable  20  kilowatt  broadcast  transmitter,  and  in  1945  he  left  this 
position  to  join  Collins  Radio  Company,  Cedar  Rapids,  Iowa,  as  Group 
Engineering  Director.  In  this  position  he  directed  development  of 
post-war  broadcast  transmitters,  including  a  complete  line  of 
standard  AI>1  and  FM  broadcast  transmitters.  He  also  assisted  and 
directed  development  of  Military  Communications  transmitters. 

Mr.  Findley  joined  Continental  Electronics  Manufacturing  Company  in 
January  1953  as  VHF  and  UHF  Project  Engineer.  Mr.  Findley  joined 
the  engineering  staff  of  another  company  in  1957. 


L.W.  STINSON  * 


From  1922  to  1924  Mr.  Stinson  was  a  Marine  Radio  Operator,  after 
which  he  entered  the  University  of  Arkansas,  graduating  E.E.  in 
1928. 

From  that  date  until  1953,  Mr.  Stinson  was  Chief  Engineer  of  Radio 
Station  KVOO,  Tulsa,  Oklahoma,  responsible  for  the  construction 
and  installation  of  transmitters  of  various  power  from  1  kilowatt 
to  5  kilowatts,  and  through  25  and  50  kilowatts.  lie  also  designed 
and  constructed  studios,  and  worked  experimentally  on  television, 
facsimile,  teletype  and  amateur  communications. 

On  leave  of  absence  from  KVOO  in  1942  and  1943,  with  R.  M.  Willmott, 
V/ashington,  D.  C.,  he  acted  as  Consultant  for  the  Office  of  the 
Chief  Signals  Officer,  designing  special  equipment  for  the  Signal 
Corps,  including  the  design  and  supervision  of  manufacture  of  the 
special  receiving  system  for  Command  Headquarters,  Panama  Canal 
Zone . 

In  1945  and  1946,  Mr.  Stinson  was  involved  in  the  development  and 
manufacture  of  tlie  dual  diversity  receiving  system,  multiplexing 
voice  and  teletype,  on  Office  of  War  Information  International  Short 
V7ave  Broadcasting  Stations. 

In  1943  ho  designed  and  constructed  the  FM  broadcast  station, 
studios,  transmitter  and  antenna  for  the  University  of  Tulsa,  Tulsa, 
Olclahoma,  sponsored  by  KVOO,  and  in  1953  he  joined  Continental 
Electronics  Manufacturing  Company  as  a  Design  Engineer. 

Mr.  Stinson  has  been  an  Associate  Member  of  IRE  since  1928,  and 
liolds  an  Amateur  Advanced  Class  License. 


* 


Deceased  June,  1959 


VI. K.  Busch 


Institute  of  Technology, 
Munich,  Germany,  1947-1951 


]P  resent  Position: 

OGVclopmcnt  Engineer.  In  this  capacity  Mr.  Busch  is  presently 
comgaged  in  the  design  and  development  of  the  RF  circuitry  and 
amplifiers  of  a  5,000,000  watt  200  me  pulse  transmitter  for  the 
A.rrgonne  National  Laboratory. 

professional  Experience: 

Mr.  Busch  was  employed  as  a  Consultant  Engineer  for  the  design  of 
sipGcial  broadband  receiving  systems  for  LIB  -  Radio,  Munich, 
Germany,  1952.  From  1953  to  1956  Mr.  Busch  was  a  member  of  the 
staff  for  the  installation  and  operation  of  a  super  power  trans- 
nirttcr  for  the  U.S.  Information  Agency,  Voice  of  America  in 
Monich,  Germany.  He  joined  the  engineering  staff  of  Continental 
Electronics  Mf  g .  Company  in  1957.  Mr.  Busch  has  participated  in 
tiac  development  of  the  300-Kw  HF  Radio  Transmitting  Set  AN/FRT-33 
(KC-1)  and  in  the  design  and  development  of  RF  filter  systems  for 
hlgjh  power  VIIF  transmitters.  lie  has  also  been  responsible  for  the 
dee  sign  and  modification  of  various  control  circuits  and  high  volt¬ 
age  protection  circuits. 

Otalacr  Activities: 

Mar  -  Busch  is  a  Member  of  the  Institute  of  Radio  Engineers. 


JAMP:S  E.  nOHERTY 


B.S,  in  Electrical  Engineering 
Southern  Methodist  University.  19‘’0 


Present  Position; 

Mr.  Doherty  Is  a  .Senior  Engineer  In  charge  of  the  Installation  and  test  of  the  AN/FPT-?  high  newer 
radar  transmitter.  Ills  other  duties  Include  the  design  and  development  of  low  power  RF  and  pulse 
exciter  equipment  In  the  UHF  range  and  the  writing  and  editing  of  Instruction  book  and  final  tech¬ 
nical  report  material. 

Professional  Exr ■'rlence: 

From  HSO  to  1951  Mr.  Doherty  was  employed  In  the  Equipment  Development  Section  of  the  Radio 
Corporation  of  America  at  Harrison,  New  Jersey.  In  this  capacity  Mr,  Doherty  was  responsible 
for  the  design  and  development  of  equipment  for  the  manufacturing  and  testing  of  various  types  of 
receiving  tubes. 

Mr.  Doherty  was  employed  by  Varo  Manufacturing  Company  In  Garland,  Texas  from  1951  to  1953. 

In  this  position  he  designed  and  developed  electronic  regulated  power  supplies  and  performed 
mechanical  design  work  on  other  electronic  equipment. 

Mr.  Doherty  Joined  the  engineering  staff  of  Continental  Electronics  Manufacturing  Company  In  1953. 
He  has  been  responsible  for  the  mechanical  and  electrical  development  of  low  power  RF  amplifier 
equipment.  DC  control  circuits  and  DC  amplifier  and  metering  circuits. 

Other  Activities: 

Mr.  Doherty  Is  a  Senior  Member  of  the  Institute  of  Radio  Engineers, 


ALBERT  J.  GEIA 


B.S,  It  M,S,  In  Electrical  Engineering 
University  of  Tennessee,  1956 


Present  PoslUon; 

Mr,  Geia  is  a  Senior  Engineer.  He  has  been  responsible  for  several  projects  involving  high  power 
equipments  in  the  400  to  450  me.  range  and  for  theoretical  work  in  connection  with  other  projects. 

Professional  Experience: 

Mr.  Geia  served  as  a  Studio  and  Transmitter  Operator  at  Radio  Station  WDXB  in  Chattanooga, 
Tennessee  in  1949. 

He  was  employed  by  the  Tennessee  Products  &  Chemicals  Corporation,  Tennessee  Valley 
Authority  in  1950. 

He  was  also  Transmitter  Engineer  and  Chief  Engineer  f'”"  Radio  Station  WUOT  at  the  University  of 
T ennessee  in  1950. 

He  was  employed  as  a  Junior  Researcii  Engineer  at  the  Engineering  Experiment  Station  of  the 
University  of  Tennessee  in  1955. 

Mr.  Geia  joined  the  Engineering  .Staff  of  Continental  Electronics  M.anufacturing  Company  after 
g  raduation  in  1956 . 

Other  Activities: 

Mr.  Geia  is  a  Member  (»!  the  Institute  of  Radio  Engineers. 


